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TRANSIT COOPERATIVE RESEARCH PROGRAM

  The nation’s growth and the need to meet mobility,
environmental, and energy objectives place demands on
public transit systems. Current systems, some of which are
old and in need of upgrading, must expand service area,
increase service frequency, and improve efficiency to serve
these demands Research is necessary to solve operating
problems, to adapt appropriate new technologies from other
industries, and to introduce innovations into the transit
industry. The Transit Cooperative Research Program
(TCRP) serves as one of the principal means by which the
transit industry can develop innovative near-term solutions
to meet demands placed on it.
  The need for TCRP was originally identified in    TRB
Special Report 213-Research for Public Transit: New
Directions, published in 1987 and based on a study
sponsored by the Urban Mass Transportation
Administration-now the Federal Transit Administration
(FTA). A report by the American Public Transit
Association (APTA), Transportation 2000, also recognized
the need for local, problem-solving research. TCRP,
modeled after the longstanding and successful National
Cooperative Highway Research Program, undertakes
research and other technical activities in response to the
needs of transit service providers. The scope of TCRP
includes a variety of transit research fields including plan-
ning, service configuration, equipment, facilities,
operations, human resources, maintenance, policy, and
administrative practices.
   TCRP was established under FTA sponsorship in July
1992. Proposed by the U.S. Department of Transportation,
TCRP was authorized as part of the Intermodal Surface
Transportation Efficiency Act of 1991 (ISTEA). On May
13,1992, a memorandum agreement outlining TCRP
operating procedures was executed by the three cooperating
organizations. FTA; the National Academy of Sciences,
acting through the Transportation Research Board (TRB);
and the Transit Development Corporation, Inc (TDC), a
nonprofit educational and research organization established
by APTA. TDC is responsible for forming the independent
governing board, designated as the TCRP Oversight and
Project Selection (TOPS) Committee.
   Research problem statements for TCRP are solicited
periodically but may be submitted to TRB by anyone at any
time It is the responsibility of the TOPS Committee to
formulate the research program by identifying the highest
priority projects. As part of the evaluation, the TOPS
Committee defines funding levels and expected products.
Once selected, each project is assigned to an expert panel,
appointed by the Transportation Research Board. The
panels prepare project statements (requests for proposals),
select contractors, and provide technical guidance and
counsel throughout the life of the project. The process for
developing research problem statements and selecting
research agencies has been used by TRB in managing
cooperative research programs since 1962. As m other TRB
activities, TCRP project panels serve voluntarily without
compensation.
   Because research cannot have the desired impact if
products fail to reach the intended audience, special
emphasis is placed on disseminating TCRP results to the
intended end users of the research: transit agencies, service
providers, and suppliers. TRB provides a series of research
reports, syntheses of transit practice, and other supporting

material developed by TCRP research. APTA will arrange
for workshops, training aids, field visits, and other
activities to ensure that results are Implemented by urban
and rural transit industry practitioners.
   The TCRP provides a forum where transit agencies can
cooperatively address common operational problems. The
TCRP results support and complement other ongoing
transit research and training programs.
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FOREWORD This handbook will be of interest to agencies engaged in managing and operating
demand-responsive transit (DRT) services. The handbook is intended to assist DRT

By Stuff providers with assessment of software needs and procurement of software to meet those
Transportation Research needs. It is intended to be useful to readers at all levels of computer literacy and to be applic-

Board able to DRT systems of various configurations and sizes.

Under TCRP Project A-6, Software Requirements for Demand-Responsive Transit,
research was undertaken by a team headed by SYSTAN, Inc., to specify requirements for
the development of future computer software to assist in the management and operation of
demand-responsive transportation systems. An implementation handbook was developed
to assist transportation providers in the procurement and implementation of such systems.
To achieve the project objectives, the researchers conducted a comprehensive review of the
literature and current practice related to computerization of DRT systems; reviewed and
summarized federal legislation and regulations that directly affect DRT systems; prepared
statements of needs and objectives for automating the management and operations func-
tions of DRT systems; developed software specifications for each of the functions; and doc-
umented advance technology features. The information collected was used to develop a
handbook to assist demand-responsive providers in their decisions about automating
administrative and operating functions and in procuring software that meets the specifica-
tions.

The handbook provides a history of DRT service and describes how DRT works. The
handbook also discusses DRT software, including a description of the existing state of the
art based on a survey of DRT providers and experts in the field. A section on computer hard-
ware is included for those who need a tutorial in order to use the handbook.

The handbook is one of three products developed under this project. The second prod-
uct is a report directed at software developers. It documents the needs of DRT providers
and translates those needs into guidelines that should ensure the development of useful soft-
ware. A third product, the final report, documents the research results of the project. The
final report would be of interest to researchers in the field. Both reports are unpublished,
but are available on loan through the TCRP, 2101 Constitution Avenue, N.W., Washington,
D.C., 20418.
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CHAPTER 1

BACKGROUND, INTRODUCTION, AND SUMMARY

AUDIENCE

This Handbook is written for staff members and policy-
makers of organizations (henceforth called “providers”) that
provide shared-ride, flexibly routed, on-demand transit ser-
vice, called demand-responsive transit (DRT). It is intended
to help them decide whether computerization of their operat-
ing functions would be beneficial and to assist them in the
selection and procurement of the most appropriate software.

1.1 THE HISTORY OF DEMAND-RESPONSIVE
TRANSIT

1.1 .1 What Is DRT?

DRT services are those public transportation services
characterized by the flexible routing and scheduling of rela-
tively small vehicles (occupancy of four to 20 persons) to
provide shared-occupancy, personalized transportation on
demand (1, p. 9).1 DRT belongs to a family of services called
paratransit, which also includes conventional exclusive-ride
taxis, ride-sharing, and bicycling. DRT is distinguished from
conventional taxi service by its ride-sharing feature, which
poses difficult control problems; however, when taxi service
is offered as shared-ride service, it is a DRT service. Current
usage interchanges the words paratransit and demand-
responsive transit, but demand-responsive transit is the more
precise term for the material in this Handbook so that it, or
its abbreviation DRT, will be used throughout.

It is of historical interest to note that this name was not the
preferred one by early writers in the field. For example, Bhatt
and Kemp (2, p. 126) proposed dial-a-ride as a preferred
name with the following argument:

We have advisedly chosen to use the term  dial-a-ride in pref-
erence to a number of other names which  have been applied
to this type of service. We prefer it to the terms demand-
responsive and demand-activated, because the latter are
more general and can be applied equally to taxicab and lim-
ousine service. We also prefer it to the name dial-a-bus,
which implies a vehicle large enough to be called a “bus.”

Since the term dial-a-ride could also be applied to taxi and
limousine service, the argument for using dial-a-ride i s  not
compelling. We believe DRT is the more descriptive term

1 References are indicated by numbers in parentheses and are listed at the end of the
chapters

although dial-a-ride is a more marketable name for actual
services and a number of them do include dial-a-ride in their
names.

As originally conceived, a DRT system would accept tele-
phone requests for both immediate and advance reservation
service, develop a continually changing set of vehicle sched-
ules (also known as vehicle tours) which would accommo-
date these trip requests, and route vehicles to the appropriate
passenger origins and destinations in accordance with the
schedule. Because both the trip requests and the vehicle
scheduling and routing decisions were occurring in real time,
the control problem became complex when any significant
number of vehicles and trip requests were involved.

1 .1 .2 Role of DRT

DRT service has been one of the most significant service
innovations in public transportation in the last two to three
decades, but it is the rebirth of a much older service. Almost
as long as there have been automobiles in the United States,
they have been used as jitneys, originally offering an alter-
native to streetcar service. (The name “jitney” came from the
slang word for a nickel, the typical jitney fare.) Most of these
early services were regulated out of business by more politi-
cally connected transit operators fearing the competition.
DRT had a rebirth in the United States in the early seventies
with research on computer-controlled service and experi-
ments in manually dispatched services. A count of current
DRT services operating, including social service agency ser-
vices but excluding conventtonal taxicab services, would
yield several thousand. Collective riding in sedan vehicles is
widespread throughout the world, especially in developing
countries.

Although in theory DRT service is extremely user-friendly
because of its door-to-door capability and semiprivate, com-
fortable vehicles, its adoption has not been widespread
due to the relatively high cost of operation. DRT is a labor-
intensive mode with costs comparable to the taxicab, due to
inherently low passenger productivity (passengers per vehi-
cle-hour). As a result, these services are most commonly
operated by social service agencies to transport their clients
or by transit districts, counties, and cities for persons with
special needs or qualifying conditions. Nevertheless, in
many rural and small towns in which labor rates are low,
DRT provides the only transit in town.
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Most recently, demand-responsive paratransit service
was promoted to prominence as a result of the enactment of
the 1990 Americans with Disabilities Act (ADA) (3). The
ADA put every U.S. transit agency into the DRT business
by requiring fixed-route transit operators to provide com-
plementary paratransit service for persons with disabilities
within their service areas who are unable to use fixed-
route services. The issue of high cost was set aside by a
national policy which deemed that accessible transit is a
civil right. The ADA mandate is causing expansion of the
number of paratransit services and growth in the size of
existing services. This growth, in turn, motivates the search
for more cost-effective means of operating DRT because
already financially troubled transit must find funds for
new services. One promising means of improving the cost-
effective performance of demand-responsive paratransit
is the use of computerization and other information
technologies.

1 .1 .3 Role of Computerization

Several functions required to offer demand-responsive
operations-such as trip reservation, scheduling/dispatching,
financial management, and reporting-lend themselves to
computer assistance and can be greatly enhanced by com-
puterization. In fact, the potential of the computer to make it
possible to cost-effectively operate large demand-responsive
transit systems for all users was a motivating factor for the
study of scheduling/dispatching in academic and research
circles in the early 1970s. The computers at that time were
too expensive and too slow, and the several large systems
that were implemented-in Haddonfield, New Jersey;
Rochester, New York; and Santa Clara County, California-
were discontinued by the eighties. Only the fully computer-
ized system in Orange County, California, survived.

While the use of computer control may have dimmished,
the use of demand-responsive transit did continue in
smaller towns and rural areas and in large cities to serve
special populations such as persons with disabilities and the
elderly. Eventually, the desire among operators to find bet-
ter, more cost-effective methods led to the development of
a market for software to serve the systems that did exist. As
the systems evolved and became larger or more demanding
of efficient operations, a demand for software evolved as
well. This demand was filled by a number of products
developed either by operators for their own systems or by
consulting firms, academics, and researchers for sale in the
general market. Today, software is available that runs on
relatively inexpensive computers and serves both small and
large systems with a variety of DRT functions. Sever-
al newly implemented systems utilizing sophisticated
scheduling/dispatching software, automatic vehicle loca-
tion technology, and digital communications may bring the
original vision well within the realm of technical and eco-
nomic feasibility.

In summary, from the inception of demand-responsive
transit circa 1970, computer control of the core DRT func-
tions-scheduling, routing, and dispatching of vehicles in
response to trip requests-has been a key issue for this trans-
portation service. The history of computer use is described in
more detail in Section 3.2.

1.1.4 Current DRT Issues

The paratransit industry now has an increasingly varied
menu of technological options from which to choose. Dif-
ferent vendors of DRT control software have different fea-
tures and functions in their systems. They use different pro-
gramming languages, operating systems, database systems,
and networking systems to implement their packages, and
they provide different levels of interfaces with other techno-
logical options. These other technological options have pro-
liferated in recent years and include such technologies as: in-
vehicle computers or mobile data terminals, vehicle location
devices, mapping systems, interactive telephone systems,
and wireless data communications. Each of these technolo-
gies holds promise for increasing the effectiveness of DRT
service. However, they complicate each provider’s decision
concerning how many and which technologies are warranted.

Moreover, there are no industrywide standards or even
expectations as to what features and functions a system
should have or the degree to which it should interface with
other software or hardware systems. This can make a deci-
sion to purchase one vendor’s software more binding on
future automation decisions than would be desirable in the
best of all worlds.

The requirements of ADA-complementary paratransit add
yet another level of complexity to this process. The potential
need for determining trip-by-trip eligibility for service, and
for providing certain service-level guarantees to ADA riders,
poses additional functional requirements for DRT software.
Vendors have adopted different approaches to fulfilling these
requirements, and the ADA elements of their systems are
usually tightly bound with their overall system design.

While a number of providers have navigated among these
problems, there are still frustrated and unhappy providers
who have unsuccessfully tried to use DRT software, and
there are even more providers who believe computerization
would be helpful but lack the resources and know-how
for the task of selecting, acquiring, and implementing the
technology.

In summary, several factors motivated the project to cre-
ate this Handbook. The promise of the potential benefits of
the use of software and the complementary technologies is a
compelling reason to develop methods of analyzing and
acquiring software. Since the software can be expensive and
its benefits are uncertain, mistakes in selection can be expen-
sive and demoralizing. Moreover, the acquisition and imple-
mentation process is difficult and laden with problems an
agency must overcome. This Handbook is intended to help



address these issues for both those acquiring new software
and those updating software.

1.2 PURPOSE AND SCOPE OF THE
HANDBOOK

Selecting software is a difficult  task that commits considerable
resources and risks the integrity  of the service on a sin-

The purpose of the Handbook is to assist DRT providers
in dealing with the complexities described above and, specif-
ically, to assist demand-responsive providers in making their
decisions about automating administrative and operating
functions by helping them select, acquire, and implement
software. Additionally, it is intended to assist the process of
incorporating other automated technologies into DRT to
realize the promise of current technologies for improving the
operations of DRT.

The material in this Handbook focuses on software that
performs the operations functions necessary to offer
demand-responsive services. These are the services that
operate automotive vehicles from sedans to small buses; that
respond to individual riders’ requests for services that pick
up and deliver passengers to points usually designated by that
passenger: and that attempt to carry multiple passengers at
one time to increase productivity and decrease unit costs. The
study does not include exclusive-ride taxis, although some of
the software used for DRT service is related to taxi software.

Software that performs the following operations functions
is included:

Eligibility determination-verifying the eligibility of
the person requesting the service;
Trip reservation-taking the passenger’s call, verifying
eligibility, recording the date and time of the trip
requested;
Service scheduling-determining a pickup time for the
passenger and conveying that information to the pas-
senger;
Vehicle dispatching-assigning a sequence of trip
requests and times to a driver/vehicle combination;
Vehicle routing-providing the precise street routing to
the driver/vehicle; and
Reporting-collecting, processing, and documenting
the operational information required to manage the
system and to report to those having oversight respon-
sibility.

The study includes all of the functions mentioned above but
concentrates on the scheduling and dispatching functions.

Software packages are on the market that perform the
functions of accounting, invoicing, maintenance scheduling,
purchasing and inventory control, planning, and project man-
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agement. These administrative packages are often included
in operations software. Reporting, for example, is included
in almost all the operations software packages. Except for
reporting, other administration functions are not explicitly
discussed in this Handbook. The selection of these packages
is not as difficult as selecting specialty software for DRT
operations. Additionally, the impact of adopting administra-
tive software is typically not as large and pervasive as is the
impact of operational software.

Special purpose software is often required by certain new
technologies, such as communications or automatic vehicle
location. These technologies are included in the Handbook,
but we do not explicitly deal with the special purpose soft-
ware necessary to operate them.

It is not possible to present guidance for the selection and
implementation of software without a discussion of com-
puter hardware, so our work includes material on computers.
Usually the hardware and software decisions must be made
in concert. However, both buyers and vendors of software
have embraced the personal computer as the preferred com-
puter platform, so the decision is not as complex as it may be
in other fields.

The needs for software and hardware are examined over
about a 5-year  horizon. This short time horizon was selected
as an estimate of the rather short economic life of computer
systems and software. It is expected that the rapid changes of
the past decade will be replicated in the future as new tech-
nologies are integrated with operations software. However, a
good deal of the Handbook material concerning procurement
and implementation should have a much longer life.

Although it does contain a hst of vendors in the Appen-
dices, the Handbook is not intended to be a consumer guide
to specific software products by vendor or brand name. It is
intended to identify the factors that should be considered
when evaluating software packages and vendors of those
packages. To understand the experiences of other users of the
software, it is suggested strongly that you talk to these users.
To help you do this, the Handbook provides a list of users of
various packages whose vendors responded to our requests
for references (see Appendix 6-A, at the end of Chapter 6).

The Handbook focuses on the acquisition decision, both
whether or not to acquire and if acquiring, how to do so. It
does not deal exhaustively with the issues of implementation
but does provide selected implementation advice.

1.3 SOURCE OF INFORMATION IN THE
HANDBOOK

1.3.1 Surveys

Information gathered in two surveys is used to describe the
present and anticipated future use of computerization in para-
transit (4). One is a survey of paratransit providers, and
the second is a survey of 20 “experts” in paratransit. The
providers’ list was selected to include as wide a range of
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experience as possible The list of providers was identified
from several sources. Persons on the list of experts surveyed
were asked to identify exemplary systems of all sizes and
with any degree of computerization. Additionally, providers
identified in an earlier study (5)  as having adopted certain
paratransit innovations were included on the list. The list
contained 347 providers, 119 of whom completed a mailed
survey. The vast majority of systems surveyed are in the
United States, although about 7 percent are in Canada, where
DRT has been generally more advanced than in the U.S.

This process of selecting providers was not intended and
did not result in a sample that can be considered representa-
tive of all paratransit providers. Rather it is a collection of
exemplary systems which are sufficiently innovative and
mature so that their staff would have thoughtful opinions on
computerization.

The “experts” group consisted of persons with special
knowledge of DRT service, including consultants, re-
searchers and teachers, providers with extensive computer
experience, software suppliers, and the TCRP panel. The
mailing list was compiled from a list of paratransit experts
maintained by SYSTAN and augmented by names from the
mailing list of the Transportation Research Board (TRB)
Committee on Paratransit. Of the 150 persons identified, 20
completed the survey.

1.3.2 Literature

The project included a literature search of the TRIS data-
base and the transportation libraries at U.S. Department of
Transportation in Washington, D.C., Northwestern Univer-
sity, and the University of California at Berkeley. Over 100
documents have been identified and are listed in the Phase I
Report of this project (4).

1.3.3 Vendors

Information was solicited from more than a dozen vendors
who claim to have paratransit scheduling/dispatching soft-
ware. Additionally, demonstrations of the leading software
products were viewed, and extensive interviews were held

with members of the leading vendors’ staffs. Some of the
vendors on the list may have products that are not adequate
for meeting ADA requirements or for integrating with other
technologies and may not be viable in today’s market. On the
other hand, about a half-dozen companies seem to have mar-
ket acceptance of their products and can be deemed to be
viable based on their longevity, the number of installations
of their software, the sophistication of their marketing
including customer support, their plans for the future, and
their understanding of the market. New vendors enter the
market periodically; in fact, a new vendor entered the market
as the Handbook was being completed, and two of the largest
vendors merged.

1.3.4 Other Sources

Over the course of preparing the Handbook, the authors
had many discussions with the major vendors of specialty
software, many of the significant users, and the most active
consultants in helping providers select software. Impressions
from these discussions are included in the guidance pres-
ented throughout the Handbook.

Additionally, the authors have been involved in evaluating
DRT software since the earliest demonstrations m Haddon-
field, New Jersey, and Rochester, New York. Over the past
two decades, we have developed our own impressions of the
use of computers. Naturally, all the presentations in the
Handbook have been selected and interpreted by the authors,
and any shortcomings are our responsibility.

1.4 USING THE HANDBOOK

The most likely audience for the Handbook will be staff
members and policymakers in the small (10 to 15 or fewer
vehicles) to medium (10 to 50 vehicles) DRT provider agen-
cies. (See Section 2.2 for a discussion of classifying DRT
systems by the size of vehicle fleet and other measures.) The
large providers (over 50 vehicles) have more limited choices
for software, offered by fewer vendors. They also have either
the staff capable of the acquisition analysis or the resources
to hire the consultants to help. Moreover, the control prob-
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lem is sufficiently complex that the need for computerization
is obvious. Small agencies first have to decide if they need
computers at all and then which software packages and
which hardware. Although these agencies are resource-lim-
ited, inexpensive software packages exist that may provide
an affordable means of getting started wrth software at little
financial risk. Medium-sized systems have to decide what
level of computerization is worthwhile and then must choose
from a wide range of software from the simplest to the most
complex. They, too, are probably resource-limited; yet they
may have to spend a substantial sum for the appropnate soft-
ware, so they bear a considerable financial risk from a bad
decision. For these reasons, the medmm-sized agencies may
have the most difficult task in selecting software.

Individual readers of the Handbook are assumed to have
a wide variety of experience levels, both with demand-
responsive transit and with computers and computer soft-
ware, ranging from almost none to those with advanced com-
puter programming skills. We have tried to address all these
readers by including primer material on both demand-
responsive transit and computers. However, it is not the pur-
pose of the Handbook to introduce either of these subjects to
novice readers. Much of the material can be skipped by some
readers. There are many cross-references among materials.
Some redundancy is included to make the most significant
sections stand alone for the convenience of readers who may
have skipped previous material. Material that is thought to be
of interest but is not essential to understanding is placed in
footnotes. We have tried to provide guidelines at the begin-
mng of each chapter concerning who we believe will find the
material useful.

Understanding terms used in the Handbook is essential to
using it. In this regard, it may be more difficult  for readers
who have experience since the usage of DRT terms does dif-
fer and there is no standard and universally accepted set of
definitions. We define many terms when they are used and
include an extensive glossary at the end of the Handbook,
and we suggest it be used often. The glossary contains both
computer and DRT terms. Where possible, terms have been
adapted from other reports, glossaries and dictionaries
(5-10). When we believed those sources to be inadequate, we
supplied modified definitions.

The Handbook is organized into seven chapters. This first
one provides background information on the project, a guide
to the content, and a summary of the most significant recom-
mendations. The second chapter defines and describes
demand-responsive transit and identifies the functions
required to offer the service and which are appropriate for
computerization. Chapter 3 discusses DRT software, and
Chapter 4 contains a tutorial on computer hardware. The fifth
chapter contains a discussion of methods for ascertaining
how much, if any, automation is warranted. All five initial
chapters build toward Chapter 6, which describes the process
of acquisition of software, which is the heart of the Hand-
book. It describes the steps and issues involved in selecting
and acquiring software and provides guidance on implemen-
tation. Chapter 6 has two appendices-one contains a list of

references for various software vendors, and the second con-
tains two sample requests for proposals. The last chapter
(Chapter 7) contains a discussion about complementary tech-
nologles that enhance the benefits of DRT software.

The references for the material in each chapter are listed at
the end of each chapter. A complete bibliography on DRT
software is contained in a different document, the Final
Report of the project.

1.5 OUR MOST IMPORTANT ADVICE

We have summarized some of the most important advice
contained in the Handbook and listed it in this section. It will
not substitute for the full discussion contained in the places
cited, but it serves to preview what is coming and summa-
rizes what you should take away from reading the Handbook.

l Make sure you are doing the best you can with your
existing operations systems and procedures before you
spend money on computerized enhancements. Take the
opportunity to reconsider the need for the things you
have been doing and how you do them. Are the existing
reports necessary? Are responsibilites clearly assigned?
(Section 5.3.1). Don’t assume that you are just computerizing your exist-
ing manual system. Computerization may be more
effective if you change the way you do things and the
way you organize the work. (Section 5.4)

l Carefully document in advance your needs (specifica-
tions) and expectations for the system you wish to
acquire and make the specifications available to propos-
ing vendors. (Section 6.2.2)

l Prepare your staff for new software by including them
in the specification writing and assure that they w i l l  be
well trained for the specific software. (Section 6.2.2)

l In some cases, a seat-of-the-pants decision to use soft-
ware is justified, but for the most part, base your deci-
sion on analysis. (Section 5.2). When acquiring a computerized DRT package, you are
blending software, hardware, and service. It is usually
wise to make one vendor responsible for all three. (Sec-
tion 4.3)

l Buy the capabilities you need now and will need in the
next couple of years, or until you anticipate a major
change in your service. (Section 3.5.4). Try to design your computer software to mamtain flexi-
bility to adapt to changes or to compensate for mistakes
in estimating needs. (Section 3.5.3)

l Identify peers and talk to them about their experience
with software and software vendors. If possible, talk to
users of the actual software packages you are consider-
mg. (Section 6.2.4)

l Do not purchase anything you have not seen actually
working in the field. Demonstrations do not count (II).
(Section 6.2.4)

l If you can justify fully automated scheduling/dispatch-
ing software, evaluate the possible value of comple-
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mentary technologies (Chapter  7). If you do add tech-
nologies, try to make one vendor responsible for the
entire system.

l Good implementation takes time-be realistic about
schedules and take the time necessary. (Section 6.3.2)

l The ability to move your files easily to new software and
hardware is an important  capability to allow updating or
change if it becomes necessary. (Section 3.5.3)

l Don’t pay or release the vendor until you are satisfied.
Don’t be satisfied until you know the system works
under a variety of conditions. (Section 6.2.9)

As with most things in life, hard and fast rules are rare, and
exceptions to any set of guidelines almost always exist. How-
ever, if you deviate from the suggestions on this list, you
should have well-defined reasons for doing so.
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CHAPTER 2

DEMAND-RESPONSIVE TRANSIT

AUDIENCE

This chapter describes demand-responsive transit (DRT)
and the functions required for DRT operations. It is intended
as a primer for those not totally familiar with a functional
view of DRT systems. It can be skipped or skimmed by read-
ers who are familiar with this viewpoint, although you may
wish to read it merely to be sure you know how we define the
terms used in the Handbook.

2.1 OVERVIEW

DRT operations require a core set of functions which must
be performed whether computer software is utilized or not.
We call these the operating functions. These core functions
are trip reservations (order taking and confirmation of a trip
request), scheduling by assigning a pickup time to patron trip
requests, and dispatching of vehicles to actually provide the
promised service. For target market systems serving a
restricted clientele, eligibility determination is an additional
core function usually performed in combination with trip
reservations. In some systems, actual street routing is calcu-
lated and given to the driver. Finally, reporting is also
included as a core function because it is necessary to manage
paratransit systems effectively and the information for
reports comes from the other operating functions. A diagram
indicating the relationship of these functions is shown in
Figure 2.1. Paratransit software packages typically provide
some degree of automation-up to and including full
automation-for each of these functions.

In addition to the operating functions noted above, a num-
ber of administrative functions are required by DRT systems
as well but they are not unique to DRT and general business or
transit software is available to perform them. These functions
include: accounting and invoicing, maintenance scheduling,
purchasing and inventory control, and project management.

Computerization of DRT functions is the subject of the
next chapter; however, references to computerization are
made in this chapter when it is logical to do so.

2.2 CATEGORIZING DEMAND-RESPONSIVE
TRANSIT SYSTEMS

2.2.1 Introduction

DRT systems come in a variety of configurations and sizes
and operate under different passenger demand conditions.

These factors will have an effect on the functionality required
from software applications so that the software appropriate
for a DRT operation is dependent on the type of service
offered and the characteristics of the service area. This prin-
ciple may become less significant in the future as vendors
develop more robust software packages, but now some soft-
ware seems to work better for some types of systems than for
other types of systems. For you, the buyer of software, this
fact creates two requirements: 1) you must identify the char-
acteristics of your system in terms that make it possible to
analyze how well a software package will work for you; and,
2) we recommend that you identify other systems, so-called
peers, in other areas that are sufficiently similar to yours so
that you can take advantage of their experience with soft-
ware. The impact of each of these characteristics on DRT
systems generally, and on software requirements specifi-
cally, is discussed in this section.

The characteristics that define a DRT system for the pur-
poses of selecting hardware/software are the following:

l Number of vehicles-a measure of supply;
l Number of riders-a measure of demand;
l Ridership eligibility requirements, e.g., ADA services;
l Immediate, advanced, and subscription reservations-a

measure of scheduling effort;
l Service area size and existence of barriers-a measure

of scheduling effort;
l Trip patterns-a measure of scheduling effort; and
l Reporting requirements as a function of funding sources

or other legal requirements.

2.2.2 Number of Vehicles

The number of vehicles in a fleet is an attractive measure
of system size for our purposes because it defines the com-
plexity of the scheduling/dispatching task and, in most cases,
it is easily determined. As the number of vehicles in a DRT
system increases, scheduling and dispatching become
increasingly complex and burdensome in use of resources.

For purposes of relating software to DRT systems by size,
three levels of vehicle fleets are considered. Small systems
are those of 10 or 15 vehicles or fewer. Medium systems are
those of 10 to 50 vehicles, and large systems are those with
50 or more vehicles.

However, vehicle fleet size is not always a definitive mea-
sure because many demand-response services are offered by
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Figure  2.1 Overview of Functions of DRT Operations.

vehicles that the taxi operators share between an exclusive-
ride service offered for their own account and shared-ride
service under contract to a public or not-for-profit agency.
While use of vehicle-hours or vehicle-miles as measures
might help overcome the shortcoming of vehicle fleet size as
a measure of supply, no guidelines are known to have been
published to suggest how this more detailed data should be
used. Therefore, the number of vehicles in the fleet will be
used as a measure of size in this Handbook.

2.2.3 Number of Riders

Ridership, measured in trips per day or trips per year, is
another measure of size that is typically recorded by
providers. Ridership IS a useful measure when used together
with vehicle fleet size to suggest the level of automation
required. However, not every rider places the same demands
on the scheduling/dispatching function, and other factors

must be considered simultaneously, as discussed in the sec-
tion on reservations.

2.2.4 Ridership Eligibility Requirements

DRT systems can be categorized by whether their service
is restricted to certain categories of individuals, called tar-
get market or restricted ridership systems, or IS available to
the general public, called general market systems. These
ridership classifications are important for determining soft-
ware needs. First, target market or restricted ridership sys-
tems impose an additional requirement on the paratransit
software, namely to determine at the time of trip reserva-
tion whether the caller is eligible to use the service. Second,
general public systems typically are used much more inten-
sively than restricted ridership systems. Intensity of use is
measured by demand density, i.e., trips per square mile per
hour. The more intensively a system is used, the more



9

demands are placed on the scheduling component of the
paratransit software.

2.2.5 Immediate, Advance, and Subscription
Reservations

There are generally two modes of reservations accepted
depending on the response time of providing service. DRT
systems may operate by taking reservations for immediate
service-taxi-like response in 20 minutes to an hour-or
advance (prescheduled) service to be provided at some time
in the future, usually 24 hours or more. A special type of
advance reservation service is called subscription because it
recurs at regular intervals, usually daily for work trips.
Immediate service has clear advantages for the patron, but it
places the greater burden on the scheduling/dispatching
function because of the limited time to calculate schedules.
However, an immediate reservation mode is thought to have
operating advantages since its use reduces cancellations and
no-shows (instances when the rider does not show up), which
occur fairly frequently in advance reservation systems. No-
shows and cancellations waste vehicle time, causing reduc-
tions in operating efficiency, and require recalculating of the
schedules, which places a burden on the scheduling/
dispatching function. Subscriptions up to a level of half of all
trips, as allowed under the ADA regulations, are usually seen
as being desirable since the users are typically more reliable
and do not cancel or fail to show up and thus form a solid core
for planning vehicle trips.

Both immediate and advance service can be offered by a
DRT service without conflicts. However, until recently, most
DRT services offered advance reservation service as a means
of rationing scarce capacity. Now with the passage of the
Americans with Disabilities Act (ADA), which prohibits
rationing, it is expected that more systems will offer imme-
diate service, which has clear advantages to the users and
which many professionals hypothesize has advantages to
providers as well.

2.2.6 Service Area Descriptions

There are no standard means of categorizing the service
areas m which DRT systems operate. While providers can
generally define their areas as urban, suburban, rural, or a
combination of these, descriptors of the difficulty of offering
service based on geography, street layout, barriers, and the
like are not well defined. A sometimes useful measure of ser-
vice area is what is called the demand density, that is, the
number of trips per hour per square mile. This can be useful
for defining the complexity of the schedule/dispatch task-
areas of high demand density offer the possibility that com-
puterized scheduling can perform very much better than
manual schedules because there are so many trip assignment
possibilities that the computer can process better than a per-
son. On the other hand, when demand density is low, a
human dispatcher may be able to do as well as a computer.

In fact, some providers report that some software does not
seem to perform well in areas of low demand density.
Finally, demand density can be a misleading measure in
cases in which the service area is not homogeneous and
demand density varies greatly within different parts of the
service area. As a proxy for a more detailed analysis, the
urban-suburban-rural classification can be used to identify
your system.

2.2.7 Trip Patterns

A trip on a DRT system is determined by the passenger
who selects both the origin and destination. When all trips
made on a system are considered together, they may fall into
certain patterns. If the provider places no constraints on the
trips, they may form a random pattern consisting of many ori-
gins and destinations. This pattern is called many-to-many
service. Often, however, there will be some destinations that
are quite popular, such as hospitals, shopping areas, and the
like. In these cases, the pattern would consist of many ori-
gins, presumably the homes of the patrons, and a few desti-
nations. This service is called many-to-few and the return trip
would be few-to-many. A service designed to serve a single
destination, such as a senior center or a hospital, may serve
only one destination-their facility. In this case, the pattern
is many-to-one. These patterns are shown graphically in Fig-
ure 2.2, together with a representation of fixed-route service
for comparison.

One of these patterns may emerge because of the patrons’
choice of trips or because the provider limits origins and des-
tinations. This fact makes it difficult to classify systems
using trip patterns for purposes of determining performance
and identifying similar providers. Providers may tell you
that they offer many-to-many service because they are will-
ing to serve any destination, but their actual patterns may be
many-to-few because of passenger behavior, so they are not
comparable to a true many-to-many system.

Pattern is an important characteristic of a service because
many-to-many is much more difficult to schedule and dis-
patch than are many-to-few or many-to-one services and it
will typically have lower productivity than the other two.
Systems offering many-to-one or many-to-few destinations
generate a much smaller burden on scheduling/dispatching
than do systems offering many-to-many patterns.

There are two additional types of service that may be
offered which are hybrids that combine features of fixed
route and demand-responsive service. A service that operates
on a fixed route but will make deviations from the route to
make pickups and drop-offs is called deviation from route
service. A service that arrives at certain points in the service
area at scheduled times but is free to make pickups and drop-
offs between those points is called deviation from point ser-
vice. The essential difference between these two is that devi-
ation from route must follow a fixed route and deviation from
point need not. If there are no requests for demand service,
both these services may look like a fixed route service. These
two services are not as prevalent as the more unconstrained
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system. These may involve age, physical condition, agency
affiliation, and ADA certification. Whatever the criteria, only
those who have previously been registered as eligible riders
are allowed to utilize the DRT service.

In such systems, the software must be capable of deter-
mining at the time the prospective rider calls that this indi-                                                         Seattle Metro  
vidual is eligible to use the system. This typically requires the
computer to search a database of eligible patrons in an
attempt to locate the individual who is requesting service. If
individuals are found in the registration database, they can
then make a trip reservation.

In systems servmg ADA-eligible patrons, a further eligi-
bility determination may be made, notably whether both the
origin and destination of a patron’s trip are within three-
fourths of a mile of a bus transit route and a rail station.
Also in ADA systems, the rider may be conditionally eligi-
ble for a trip, depending on both time-varying factors such
as the customer’s health and the weather, and semiperma-
nent features such as the accessibility of sidewalks around
a transit stop. Not all these factors can be determined objec-
tively by a third party but the ones that can, such as acces-
sibility, could be made by a scheduler using information
that can be stored in the customer’s database records.
Whether it is wise for providers to have their schedulers
make a determination of conditional eligibility is another
matter.

Often eligibility determination is performed as part of
the trip reservation or order-taking function, which is
described next.

2.3.2 Trip Reservation (Order Taking)

The terms trip reservation and order taking are often used
interchangeably, as they are in this report. In immediate
response DRT systems, the term order taking is more appro-
priate, whereas in a prescheduled operation, a customer truly
is making a reservation for service to be delivered at some
point in the future.

In either case, the essence of this function is for the
order taker/reservationist  to obtain the parameters of
the trip request from the patron-pickup point, drop-off
point, desired pickup or delivery time, number of passen-
gers, and any special requirements (such as wheelchair
accessibility)-and then to communicate to the patron
whether the system i s  able to accommodate the trip request
with these specific parameters and, if so, when a vehicle
will arrive. If the trip cannot be accommodated due to
unavailability of resources for this specific trip request, the
order taker/reservationist must indicate to the patron the
reason for the problem. The reservationist must then inter-
act with the customer and attempt to find acceptable trip
times which the system is able to accommodate. If either
initially or on subsequent attempts the trip reservation can
be accepted, the order taker/reservationist then informs the
patron of the estimated pickup time, typically using a time
window rather than a single point estimate, e.g., 8:40  a.m.
to 9:00 a.m.

2.3.3 Service (Trip/Vehicle) Scheduling

Bad dirver do what they are told; good dnvers fix the schedule.

-Park Woodworth, Senior Planner,

Scheduling is the process of inserting a trip request into an
actual (for an immediate response operation) or provisional
(for prescheduled operations) schedule in such a way that no
system constraints are violated by the new schedule. Schedul-
ing is the core function which distinguishes DRT systems from
other transit. In conventional transit, buses are scheduled by
the clock to predetermined origins and destinations, and
patrons adapt to the schedules. In DRT service, the schedule
adapts to patrons’ desired timetables, origins, and destinations.

These system constraints typically involve maximum ride
time, maximum wait time (for immediate response opera-
tions), and promised pickup and delivery times for those trips
already scheduled. Once a trip has been scheduled, it has an
estimated time of arrival (ETA)-usually a time window-
at the patron’s pickup location.

It is important to note that once the trip has been scheduled,
the DRT system has entered into an implicit contract with the
customer to deliver service as specified. That is, the system is
pledging that it will accomplish pickup within a certain time
window; delivery by a specified time, if this is one of the
requirements of the trip; and a maximum nde time, which
depends upon system policies-usually 45 to 60 minutes.

The process of scheduling individual trip requests while the
customer is on the phone is called interactive or on-line
scheduling by the industry. This term is used in this Hand-
book and refers to a scheduling system in which some means
of accepting or denying a trip request is based on available
system capacity and, if a request is accepted, an estimated
time of arrival of the vehicle is given to the requester, usually
within a specified time window. Although the actual assign-
ment of this passenger trip to a vehicle tour (the sequence of
pickups and deliveries) may not yet have been made or may
subsequently be changed, the time window for vehicle arrival
will not be changed except in unusual circumstances. Interac-
tive scheduling is not real-time, or immediate, service. Inter-
active scheduling determines the pickup time immediately
while the trip may be scheduled for any time in the future,
contrasted to immediate service, which accepts requests for a
trip as soon as possible. Real-time service requires interactive
scheduling, but the converse is not true-many prescheduled
operations use interactive scheduling.

The quote by Park Woodworth above reflects dependence
on the driver for wisdom in changing schedules created by a
process, either human or computer, that is not as in touch
with the road as the driver is. It raises the issue of how much,
if any, autonomy the driver will be allowed in systems using
computers and technologies. There is a conflict between dri-
ver initiative and the ability of the dispatcher and computer
to know the location of vehicles and to use that information
for creating better schedules.
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2.3.4 Vehicle Dispatching

Vehicle dispatching is the process of assigning an actual
vehicle to a trip that has previously been scheduled by the
system and communicating that assignment to the driver of
the vehicle, including the order and time during the vehicle
tour this patron will be picked up and dropped off.

Although the dispatching process places a trip onto a vehi-
cle tour in a prescheduled operation, the vehicle tours may
subsequently be revised and trips reassigned to other vehi-
cles.  Trip cancellations and no-shows will almost always
require some alteration in the assignment. The dispatching
process is responsible for accomplishing these dynamic trip-
vehicle reassignments. In an immediate-response DRT sys-
tem, trip reassignment may also occur, although it is some-
what less frequent because there are fewer cancellations (due
to the high proportion of trips that are seeking immediate ser-
vice). Whatever a system’s mode of operation, every trip
request must be assigned to a specific vehicle, and the driver
of that vehicle must be informed of the sequence of addresses
to visit to pick up and drop off patrons.

In real-time scheduling/dispatching, a new trip request can
be added to an existing schedule and trip assignment. One
way is to search for the best vehicle assignment for the new
trip without changing any other assignments. This procedure
will not necessarily find the best schedule/dispatch arrange-
ment from a global point of view. It may be possible that a
better arrangement exists if all assignments are thrown up in
the air and made over again-a procedure called dynamic
rescheduling, although it is more accurately called dynamic
redispatching because vehicle assignments may be changed
but the promised schedule of pickup times is maintained.
This is accomplished by moving already scheduled trips
from one vehicle tour to another, or creating an entirely new
set of vehicle tours, within the constraint that pickup and
delivery time windows cannot be violated. The purpose is to
free up time on one or more vehicle tours, thereby enabling
more trips to be scheduled and improving system productiv-
ity. The advantage of dynamic redispatching is that it may
find better assignments than would be made by merely
appending a new trip to an existing dispatch. The price paid
is the time it takes to redispatch and to communicate fre-
quently with the drivers. It may not even be possible to
reschedule in a reasonable time, even by a computerized sys-
tem. A compromise may be to redispatch after the addition
of several new trips. It is not possible to say categorically
whether dynamic redispatching is a worthwhile feature. The
improved arrangements may not be real, given the normal
uncertainties of meeting a schedule. Moreover, the ability to
find better tours by rescheduling may be constrained for sev-
eral reasons. Both promises to subscription patrons that they
will get the same driver and the need to assign certain patrons

to specific vehicles constrain the ability of redispatching to
improve a given arrangement.

For ADA paratransit systems, in which trip requests can be
made as many as 14 days in advance, these end-of-day sched-
ule refinements may be done daily for future days on which
significant numbers of trips have already been scheduled.

2.3.5 Vehicle Routing

The routing function finds the best route between pickup
and drop-off points in terms of the sequence of actual roads
taken. The theoretical routing task usually requires solving a
mathematics problem called the shortest path problem, in
which the shortest path may be measured in several different
ways-mileage, operating cost, or speed of travel time.
Approximate best routes could be prescribed by control room
staff, based on their knowledge of the street network without
the use of the mathematics, but they would just be substitut-
ing their knowledge for that of the driver, and it may or may
not be superior to the driver’s. The mathematical solution can
be performed by a number of mathematical procedures, but
performing routing in a system of a practical size requires
automation.

2.3.6 Management Reporting and Statistics

While not a core function for the DRT control system per
se, management reporting is clearly a key component of the
overall DRT operation, as the management reports provide
feedback on how effectively the system-and the software-
are performing. Management reporting consists of collecting
data on all major system processes and analyzing those data
to provide system managers with indicators of the efficiency
and effectiveness of various system processes. Such indica-
tors as average length of time to book a trip, average ride
time, average pickup time deviation, passengers per vehicle
service hour, and the like are very important in telling man-
agement how well the system is operating. Most DRT soft-
ware packages provide this information, although they tend
to be weakest for indicators that depend on the collection of
real-time operational data.

2.3.7 Accounting/Invoicing and Other
Functions

Accounting/invoicing is not a function that is unique to
DRT operations, but it is necessary to the operations. The
other functions of maintenance, inventory, and purchasing,
etc., are also not unique to performing DRT functions, and
they may be integrated with operational procedures or per-
formed as stand-alone procedures.
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CHAPTER 3

DEMAND-RESPONSIVE TRANSIT SOFTWARE

AUDIENCE

Every reader, even one with extensive DRT software
knowledge, should peruse this chapter because we identify
the terms used in subsequent discussions, especially in Chap-
ter 6 on acquisition of software.

The word software has been in widespread use since about 1960,
when programs were first sold separately from the computer
hardware on which they ran. Implying a malleability lacking in
the machines themselves, the term refers to the instructions that
tell computers  what to do. The replacement of one set of instruc-
tions by another can produce protean changes, turning a tool for
analyzing stock-market trends into a word processor, or an archi-
tect’s electronic  sketch pad into the control panel for an entire
factory. Without detailed orders from a program, a computer can
do nothing at all.

-- The Software Challenge, Time-Life Books, p. 19 (1)

3.1 INTRODUCTION

The earliest computers did not have software. The instruc-
tions that directed computer operations were wired into their
electronic circuitry. Software came to exist when it was real-
ized that instructions could be stored in the computer, in the
same way as data are, so that they could be changed easily
and each change or new application would not have to be
wired into the computer.

DRT software, then, consists of the computer programs
that perform one or more of the operations or administrative
functions required to offer demand-responsive transit ser-
vice. This chapter contains a summary of the history of DRT
software, a tutorial on software, a description of how DRT
software fits into the family of software, a summary of exist-
ing DRT packages, and users’ evaluations of DRT software
in general, not by specific package.

3.2 HISTORY OF DRT SOFTWARE

The history of DRT software can be viewed as consisting
of several stages shown in Table 3.1. The descriptions are
general and intended to describe the major stages of DRT

implementation, but notable exceptions exist in each time
period. In the early 197Os,  there were two levels of DRT sys-
tems. One level consisted of a number of small DRT systems
that could be controlled manually and were characterized by
low ridership and a small vehicle fleet. They were small
either because they operated in small towns and provided the
only transit in town or, if they were in larger cities, they
served restricted riders-such as elderly persons and persons
with disabilities. While computerization might have helped
control these small DRT systems, such software was not
widely marketed, if it existed at all. Those providers who
used computers probably developed the software them-
selves.

The second level of DRT systems was a vision more than
a reality. The vision was of systems that would accept tele-
phone requests for both immediate and advance reservation
service, develop a continually changing set of vehicle sched-
ules (also  known as vehicle tours), serve passengers within a
fairly small window of desired pickup and drop-off times,
hold riding time in the vehicle below a reasonable maximum,
and do all this with as few vehicles as possible.

The operation of DRT systems under these conditions
poses difficult control problems in systems with many vehi-
cles and large demand. The volume and speed requirements
needed to handle a relatively high frequency of trip requests
that would have to be assigned to many vehicles in a real-
time operational setting was thought to be beyond a human
dispatcher’s capacity. For this reason, it was believed that
computer control would be necessary. Computerization of
the DRT control system represented the underpinning of the
DRT concept as it was developed at MIT during the late
1960s and early 1970s.  DRT was seen as a classic operations
control problem for which an algorithmic solution was pos-
sible. Only algorithms’ encoded in computer software could
handle a control problem of this scope and difficulty. All
the earliest major systems-Haddonfield, New Jersey;
Rochester, New York; Santa Clara County, California; and
Orange County, California-were predicated on computer
control. The researchers at MIT and elsewhere devoted

1 The precise meaning of the word "algorithm" i s  a computational procedure for solv-
ing a particular  problem which i s  assured of discovering the best answer In more pop-
ular use, it i s  sometimes used to descnbe a computational procedure which gives a good
solution We prefer the precise use and would use the word "heuristic" to descnbe a
procedure which gives good or “near best” solutions



TABLE 3.1 Stages of DRT  Software Implementation

Time Periods

Mid ’70s to
early  ’80s

Mid ’80s to
present

Present to
future

Service

State-funded small
systems in small
towns (CA, MN, Ml)

Jnrestricted ridershlp

Large demonstration
systems
(Haddonfield, NJ &
Rochester, NY)
or innovative service
(Santa Clara Co., CA )

Jnrestricted ridership
mmediate and

advance reservation

Restricted ndership
Advance reservation

ADA service
Immediate and

advance reservation

Software

Manually operated
Computer not used

Fully automatic
Full functions

Limited functions

Fully automatic

Computer

Manual

Mainframe and
minicomputer

Microcomputer
Other technologies:

AVL, MDT, digital
communications, etc.

considerable attention to the development of such algorithms
and their implementation in computer software (2). Much of
the research and the demonstration of these early systems
was financed by grants from UMTA, part of the U.S. Depart-
ment of Transportation. Further, the early researchers antic-
ipated that several automated technologies would be used by
DRT systems in addition  to the computerized reservation,
scheduling, and dispatching system, notably radio frequency
digital transmission of trip orders to vehicles, in-vehicle data
terminals to display or print trip orders, a vehicle location
system to keep track of actual vehicle positions, and com-
puter database systems to store trip information and generate
reports.

The early research and demonstration work established the
technical feasibility of computerized scheduling and dis-
patching, but other factors held up the widespread adoption
of computerization. First, the high operating cost of the large
and costly mainframe computers that existed at the time
made the service economically questionable. Additionally, a
few years of experience with DRT revealed that the magni-
tude of the control problem in most DRT systems was much
reduced from original expectations. This was largely because
both the overall level and the intensity of demand (usually
expressed as demand density, defined as trip requests per
hour per square mile) was much less than anticipated. There-
fore, the number of vehicles required was smaller than antic-
ipated in many systems, and the control problem was not as
complex. Some observers believe that demand fell short of
expectations because of inadequacies in the service, due in
part to shortcomings in both software and hardware. In some
cases, such as Santa Clara County, high initial demand did
materialize because of the refusal of the policy board to
charge premium fares for the premium service. The software

and the limited number of vehicles were not adequate to han-
dle the demand. This swamping of the system together with
other issues led to the termination of the service. In addition,
many examples of well-functioning manually controlled
DRT systems proliferated, further reducing the impetus for
computerizing the DRT control function. Finally, federal
funding of paratransit research in general, and computeriza-
tion in particular, dried up with the leaner U.S. Department
of Transportation of the early 1980s.

Nevertheless, the use of DRT systems continued to grow
during the eighties, although the nature of these DRT sys-
tems was vastly different from the ones envisioned for fully
automated control in the 1970s. They no longer utilized the
cornerstone of the vision-real-time scheduling and dis-
patching of trip requests. They required their riders to make
trip reservations at least one day in advance of their travel.
Although many operators anticipated that advance reserva-
tion systems would have major advantages over immediate-
response (real-time) DRT systems, in practice, this mode of
operation has been associated with much lower service pro-
ductivity (which translates into higher costs per passenger)
and with more problematic software requirements. Despite
these problems, advance reservation systems have become
commonplace because they allow DRT operations to ration
capacity easily, and they avoid at least some of the complex-
ity of real-time scheduling and dispatching.

These less sophisticated DRT systems did form a market
for computer software with more limited control capabilities.
This demand was filled by a number of products developed
either by operators for themselves or by consulting firms,
academics, and researchers for sale in the general market.
Many of these products had limited functionality. For exam-
ple, virtually all of the scheduling/dispatching software
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developed for DRT during the 1980s was premised on an
advance reservations regime. In fact, the 130-vehicle  DRT
system implemented in California’s Orange County Transit
District (OCTD), circa 1980, remained, until it was replaced
in the mid-1990s by a new generation system, the most tech-
nologically sophisticated DRT system in the country, despite
the vast improvements m computer hardware and software
which have occurred in the general computer industry over
the past decade.

As a result of these two major changes in DRT operations
over the past 20 years-the virtual abandonment of fully
automated control and the strong trend towards advance
reservations systems-the technology of the typical DRT
system existing today is quite different from that envisioned
by the developers of this mode. Currently, there appear to
be between 100 and 150 DRT systems that have installed
computer software to automate at least some of their
reservations/scheduling/dispatching functions. Even though
some of the larger systems are quite sophisticated-the com-
puter hardware is vastly more powerful, the software is bet-
ter written, and the software-user interface is better-in most
other aspects, today’s typical computerized DRT system is,
from a functional standpoint, still lagging behind the OCTD
DRT system implemented a decade and a half ago.

Since the late 1980s however, there has been a renewed
interest in the application of computer software, especially
multi-function software, to DRT scheduling. This renewed
interest has been fueled by three developments. First, com-
puter technology has become relatively affordable for DRT
systems with the development of microprocessor-based com-
puters and the remarkable cost reductions in computer hard-
ware that have accompanied the development of a mass mar-
ket. Second, a number of firms have developed software
applications designed specifically for DRT systems; and
although these applications vary substantially in their scope
and functionality, they all attempt to automate, in whole or
in part, the DRT control system.2 Thus, a variety of software
is available to automate the DRT control functions, ranging
from almost generic off-the-shelf packages to sophisticated
packages that need significant installation effort. Third, the
Americans with Disabilities Act (ADA) has imposed new
requirements and/or new demands on many DRT systems,
and software can be of significant assistance in dealing with
these new mandates.

As a consequence of these developments (and others), dur-
ing the past few years substantial numbers of DRT systems
have purchased computer software to automate-in whole or
par-their control systems and other aspects of their opera-
tions. In addition, other technologies such as mobile data ter-
minals, automatic vehicle location devices, in-vehicle com-
puters, and map-based software systems-all with potential
application to many DRT operations-have recently entered

2 Some of these developments can no doubt be traced to the early work in computer-
ization, either directly through individuals who caned on the work or indirectly by
demonstrating the feasibility of the ideas and procedures

the commercial marketplace and have been the focus of inter-
est by some DRT systems. The DRT industry is seeking to
better understand how to incorporate DRT software and
related electronic technologies into its operations, and is
seeking software which will cost-effectively solve its central
day-to-day operational control needs. So although the early
vision of DRT has yet to be realized on any significant scale,
this may change in the near future.

3.3 TYPES OF SOFTWARE

There are four types of computer software involved in
computer use--operating systems, programming languages,
utilities, and application programs. The software packages of
interest in this study are a type of application program. This
section may be skipped by those familiar with software, but
it is a short tutorial section, and reading it will assure that the
viewpoints we use are the same ones you have.

3.3.1 Operating Systems

Operating systems are master programs that coordinate the
various hardware components and allow users of other pro-
grams to control the operations of the computer. Specifically,
they control the microprocessor (the electronic unit that per-
forms the computer’s functions), the data transfer functions
(input and output), the peripherals (printer, storage units, etc.),
the random access memory or RAM (internal storage of data),
and the like. Operating systems that you might have heard of
include CP/M,  DOS, OS/2,  UNIX, and Macintosh OS. Since
they are so closely related to hardware functions, they are dis-
cussed further in Chapter 4 on computer hardware.

3.3.2 Programming Languages

A programming language is a code, or set of instructions,
used to communicate with the computer hardware. Instruc-
tions are arranged in programs prepared by people called pro-
grammers. The programs discussed below-applications and
utilities-are prepared in a program language. Program lan-
guages you may have heard of include BASIC, C, COBOL,
PASCAL, and FORTRAN.

3.3.3 Application Programs

The application software used in the operation and admin-
istration of demand-responsive transportation can be classi-
fied into three types-generic, special-purpose or specialty,
and custom.

Generic software is designed to perform general func-
tions but can be customized for a specific application by the
user. Generic software includes the three workhorses of all
personal computers-word processing, database manage-
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ment, and spreadsheets. Word processing programs are used
to prepare text documents. Database management programs
are designed to sort, organize, and retrieve large volumes of
data and are therefore appropriate for client data files and the
like. Spreadsheets provide a systematic way to perform
many computations and to present the results. They are
appropriate for processing accounting and performance
data. Database and spreadsheet software have some over-
lapping capabilities as most modern spreadsheets have data-
base capabilities, and databases have limited computational
capabilities. These three categories are so widely applicable
that they form a class by themselves, but, for purposes of
this study, other software such as accounting and project
management are also included in this class. Almost all DRT
systems that use computers in any way will use one or more
of these applications.

The generic packages are relatively inexpensive, costing
between $100 and $500, and are easily used by people who
are computer literate so that special training is not required.
Particular applications of one of these generic programs
may require some set-up work but they typically do not
require any special computer programming knowledge
(although some databases and spreadsheets do include pro-
gramming languages). The first generation of commercially
available DRT software was based on databases and
spreadsheets that vendors or agency staff tailored for DRT
applications. Some of these packages are adequate for small
systems today, although you should make sure they are
supported by their developers or someone else if you need
support.

The second class of software consists of special purpose
packages, called specialty here, developed for DRT appli-
cations and marketed to providers of DRT service in much
the same way that transit vehicles and equipment are mar-
keted with professional staffs that call on potential cus-
tomers. The effective use of these software programs
requires assistance in installing them and special training
for your staff. They are more difficult to use than is off-the-
shelf generic software, and the mistake of thinking they can
be easily implemented is a major pitfall. Installation may
require the setting of a variety of parameters that describe
the provider’s policy, operating policies, and environment;
however, these programs do not require one-of-a-kind cus-
tomizing. If special tailoring is desired, some software ven-
dors may be willing to provide it as a separately priced
option.

The software packages that are the focus of this study are
the specialty packages developed especially for DRT service.
These specialty packages can be further classified by the par-
ticular DRT function they perform.

Before DRT software was well established as a commer-
cially available product, a number of agencies contracted or
partnered with software programming companies to have
software developed specifically for their DRT systems. Most
of these are one-of-a-kind applications, usually called custom

packages, although some of these efforts led to products that
are now successful in the commercial market. Commission-
ing a customized package is still an option available to DRT
providers, but it seems less necessary today as there are a
number of competing products in the market that provide a
range of capabilities. Customized or tailored software will, in
most cases, be much more expensive than these commercial
products.

Another type of custom software is created by adapting a
generic package to DRT use-usually database and spread-
sheet applications. In the classifications used throughout the
study, the term custom is used for both adaptations of generic
software packages and one-of-a-kind, specially prepared
packages.

3.3.4 Utility Programs

Utility programs are software packages that perform a
number of internal housekeeping or assistance functions,
such as copying or organizing files, or other internal func-
tions such as protecting data, verifying proper operations,
and the like.

3.3.5 Other Classes of Software

Public domain software is that which is available free to
users because ownership rights have been donated (or otber-
wise passed) to public use. Many application and utility pro-
grams that may be useful to DRT operators exist in the pub-
lic domain, but we know of only one designed specifically for
use in DRT operations-the SST3 package distributed by the
University of Kansas (see Table 6.3).

3.4 STATUS OF SOFTWARE USE

3.4.1 Databases

A database is any collection of information stored in some
logical arrangement so that the information can be retrieved.
Any list of names, trips, and the like that is recorded and
updated manually can be considered a database but because
of the amount of information, the need to change entries eas-
ily and quickly, and the need to find elements quickly, com-
puterization is an ideal way to maintain a database. (A
description of the structure of a database is located in the
Glossary under “Database.“)

The most common computerized databases used in DRT
operations are shown in Figure 3.1, which also indicates the
frequency that the providers indicated they used various lev-
els of automation-manual, generic, or specialty. The
responses indicate that most databases are maintained man-
ually.

Generic database software packages can be fairly easily
tailored to the uses described in the figure. Advanced pack-
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Functions

Figure 3.4 Quality of Software by Funchon.

work” comments. However, it also received the highest level
of “needs improvement” responses, suggesting that some
software packages need improvement. Shortcomings with
reporting capabilities were also a complaint heard during
user interviews.

The order of quality rating for the remaining three func-
tions was scheduling, dispatching, and routing. This was also
the order of the total number of respondents providing a rat-
ing, a direct relationship to the number of software packages
offering the functions. All three received some “does not
work” comments.

A possible shortcoming of the observations made here
may be due to confusion about the definitions of the four
functions. Foreseeing this issue, each function was defined in
the body of the questionnaire. However, the results may still
be corrupted by the respondents’ preconceived definitions
that were different from the definitions provided.

3.5.3 Other Characteristics

Several other characteristics of software are important.
The most important is flexibility or the ability to adapt to
changes in operations procedures, demand levels, the size
and structure of the service area, and reporting requirements.
You do not want your software to constrain either your abil-
ity to improve the service you offer or your ability to access
the information you need to manage.

Portability is the ability to move your operations to new
software and/or hardware. Many users have expressed frus-
tration at having selected the wrong software and then feel-
ing locked in, without the ability to change because of the
cost and difficulty of starting over with a new package, and
perhaps a new vendor. You could move to new software

more easily if you could translate your passenger and trip
database files to the new software and if you could use the
same hardware. Therefore, the use of standard file formats
(discussed in the next paragraph as well) and standard (IBM-
compatible) personal computers is a positive attribute to be
sought in the software you acquire. Specifically, you will
want to specify to vendors that the data files used are in or
can be translated to a common database format.

The other side of the portability coin is standardization. As
markets mature, standardization usually follows. For exam-
ple, software for personal computers now comes in essen-
tially two versions: DOS (IBM-compatible) and Macintosh-
compatible (we are getting ahead of the organization of the
Handbook here as this material is covered in Sections 4.1.2
and 4.1.3). Files of data for these two systems are easily
interchangeable. Vendors may resist portability early in the
development of a specialty software package because they
want their own systems to set the standard for the industry.
In fact, the marketplace actually sets standards by what peo-
ple buy most often. The marketplace set DOS as the standard
for personal computers (see Section 4.2.2).

Another desirable characteristic is compatibility of the
software with other software that you might use, including
databases, spreadsheets, and word processing. Compatibility
allows sharing data among DRT software and other applica-
tion software, transferring data to new software and the like.
Most DRT packages now provide this important ability.

Finally, and obviously, the cost of the software is an
important characteristic. The users’ rating of price versus
value from the provider is shown in Figure 3.5. Like many
other ratings from the survey, the majority of users find the
prices reasonable, but there are a significant number who
believe improvement is needed.
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Figure 3.8 Estimated Enhancements in Future DRT Management Software.

These three characteristics, taken together, create a situa-
tion in which it is unlikely that quantum improvements in
paratransit software will occur in a short time frame, or that
prices will be reduced significantly from current levels.
Firms serving the paratransit software market cannot expect
to sell large numbers of units annually because the market is
so small. As a result, these firms are likely to remain small
unless they can generate substantial revenues from other
product lines. Constrained in organizational size by the size
of their market, they do not have abundant funds to allocate
to new development activities. Firms serving this small para-
transit software market are likely to put significant resources
into product improvement only to the extent necessary to
meet client requirements (to close a sale) or to keep clients
satisfied. Unless a client is willing to pay for a particular fea-
ture, or demands it as a condition of a sale, it will only be
added as time and internal resources permit. Consequently,
new development proceeds relatively slowly.

In a market such as this, software prices must be main-
tained at relatively high levels because unit sales are limited.
Each firm needs substantial revenue from each sale to gener-
ate sufficient overall revenues to remain in business. In con-
trast, a mass-marketed piece of software like a spreadsheet or
database system may sell for less than $250, but its annual
sales will be in the range of hundreds of thousands (or more)
of units. Despite these low unit prices, the large volume of
purchases will generate enough revenue to sustain an orga-
nization of significant size. This is not possible in the para-
transit industry.

Because the paratransit software market is populated pre-
dominantly by small firms with limited revenues, the firms
tend to specialize in a particular software technology or set
of core technologies, and usually do not have wide-ranging
capabilities. They may be well-versed in only a single oper-
ating system (DOS/Windows, UNIX, etc.), capable of using
only two or three software platforms for development, and

perhaps may not be fully versed in the intricacies of net-
worked applications. If the purchasers of paratransit software
were to decide collectively that they would only buy software
which, for example, ran on the UNIX operating system, sev-
eral of the current market participants would be hard-pressed
to make the transition to UNIX in a timely fashion-or at all.
The result of this limited capability of vendors to provide
their software on many platforms means that your decision
concerning software is in reality a combined decision about
both the software and the hardware.

The point of this discussion is that the paratransit industry
is unlikely to see quantum changes in paratransit software.
The simple reason for this is that the paratransit software
providers do not have the resources-or the prospects of
readily obtaining them-to sustain the level of development
required. Given this reality, the guidelines for paratransit
software developed elsewhere in this report typically use cur-
rent product offerings as the point of departure, not some ide-
alized software which does not currently exist.

3.7.2 Technical Support

Technical support consists of three elements-training,
technical assistance including help in problem resolution,
and periodic release of software improvements called
upgrades. The user evaluation of training and support,
assumed to be technical assistance, is shown in Figure 3.9.
Both attributes receive high ranking as indicated by the
majority rankings m “mostly excellent,” “mostly good,” and
“mostly satisfactory.” Nevertheless, a significant number of
respondents indicated that some or substantial improvement
is needed.

Training. Training of your staff is a necessary part of
using paratransit software even for those who are computer
literate. Such training may be included in the price proposals





25

improvement

10

8
6
4

2
0

Price  vs. support Training Number of
value Companies

Characteristics of Software Companies

Figure 3.10 Future Improvements in DRT Software Vendors.

DRT software. The features are defined in Appendix 3-A of
this chapter.

3.8.2 Perceived Importance of Features

Respondents were asked to indicate what features they
currently use and those they want in their future software

(see Tables 3.3 and 3.4). Table 3.3 contains a list of 60 soft-
ware features in the order of number of respondents that
have the feature in their current software. The column
labeled “Currently Using” indicates the number of
providers that use the feature. The column labeled “Want in
Future” indicates the number of providers who want the
feature in future software.

TABLE  3.3 Ranking of Software Features Currently Used

(continued on next page)
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TABLE  3.3 Ranking of Software Features Currently Used (Continued)

30 Immediate (real-time. like taxls)  reservations & scheduling 28 55
31 Vehicle speed as a functlon of traffic, time, geography 28 51
32 Remote terminal access 27 46
33 Import/export ASCII files 27 38

34 Fully computerized scheduling and dispatching 26 68
35 Computerized vehicle  route selection 26 57
36 Automatic purge of inactive registrants 26 56
37 Import/export to spreadsheet 24 57
38 Validity checks on ail inputs (completeness, legitimacy, etc.) 23 58
39 Import/export to word processor 22 50
40 Group trips 22 38
41 Tnps displayed on layered maps 17 64

42 Call-back list generated 17 51
43 Section 15 reports 17 50
44 Flexible invoice formats 17 37

I I I

45 ITIGER fi le compatibility I 17 I 36 . _
6 1 Passenger prioritizationn possible I 18  44

16  384
t48 i Support for brokenna (several operators)

I I
I 15 I 53 I

APPENDIX 3-A. DESCRIPTION OF SOFTWARE
FEATURES

Ad hoc report formats-Usually,  DRT software packages
that include reporting will include the ability to generate a
number of reports in a predetermined format. This feature
allows the user to specify additional report contents and
format.
Allows “what if” questions-The software allows easy
testing of the impact of various alternatives by determining
the impact of changes in the parameters (such as travel time),
trip data, assignments, and the like.

confirm the trip or to apprise them of any change in the
pickup time.
Automatic fare calculation-Automatically calculates the
fare for each rider based on whatever parameters deter-
mine fares, i.e., type of rider, distance, time of day, class of
service, etc.
Automatic in-vehicle data capture--Records and saves
relevant data to be used for calculating performance statis-
tics, including travel and waiting times, distances, and the
like. Several levels of automation may be provided, some of
which require the driver to input data such as location and
passenger identifications.

Automatic call-back confirmation and change of sched-
ule-Calls are made to patrons who have scheduled trips to

Automatic purge of inactive registrants-Periodically, the
file is searched to identify registrants who have not used the



TABLE 3.4          Ranking of Software Features Wanted

    Rank Capabilities Want in
Future

Currently
Using

1 Fully computerized scheduling and dispatching 68 26
2 Trip eligibility check (for ADA trips) 66 35
3 Vehicle location on layered maps 66 8
4 Allows “what if” questions 65 12
5 Simulation training capability 65 13
6 Choice of performance criteria (ride/wait times, etc.) 64 30
7 Trips displayed on layered maps 64 17
8 On-line time (pickup, etc.) estimates 63 36
9 Redundant reservation warning 62 35
10 Problem passenger warning 61 28
11 Pop-up menus/multiple windows 61 28
12 Performance data calculations 60 38
13 Variable vehicle parameters (number, seating, etc.) 59 35
14 Automatic rider eligibility check 58 49
15 Personalized passenger loading times 58 30
16 Validity checks on all inputs (completeness, legitimacy, etc.) 58 23
17 Geocoded addresses 57 46
18 Manual override of computer-generated schedule 57 44
19 Computerized vehicle route selection 57 26
20 Flagging of costly trips 57 9
21 Import/export to spreadsheet 57 24
22 Automatic purge of inactive registrants 56 26
23 Automatic vehicle selection for passenger special needs 56 28
24 On-line address verification 56 36
25 Frequent destination list 55 45
26 Immediate (real-time, like taxis) reservations & scheduling 55 28
27 Automatic call-back confirmation and change of schedule 55 7
28 On-line “help” available 55 29
29 Automatic in-vehicle data capture 55 4
30 Keyword search and sort capability 54 46
31 Tracks recent ride history 54 56
32 Name recognition of common places 54 43
33 Batch scheduling/dispatching 54 34
34 Partial name/address entry 53 49
35 Support for brokering (several operators) 53 15
36 Vehicle speed as a function of traffic, time, geography 51 28
37 Call-back list generated 51 17
38 Automatic retrieval of passenger data 50 65

service in a specified length of time, eliminating
those  users for the file.
Automatic retrieval of passenger data-
Entering a passenger’s name on the reservation
form may cause the  passenger record to be
retrieved from the passenger database and, in
some cases, inserted into the reservation form.
Automatic rider eligibility check- Entering the
passenger’s name of the reservation screen
causes the software to check to determine if the
person is eligible.  This may be a check to
determine if he or she is registered or a more
sophisticated procedure of determining if the
person and this trip are eligible for ADA service.
Automatic vehicle selection for passenger
special needs-Entering the passenger’s name
limits the selection of potential vehicles to only

those which have the capability of meeting the
passenger’s special needs.  For a fully automated
system, this would be done automatically; for a
computer-aided system, only feasible vehicles
would be offered to the scheduler.
Batch billing-Allows for organizing and totaling
the costs of riders according to their sponsors, to
bill the sponsors for all trips taken in some time
period with one invoice.
Batch scheduling/dispatching-Determining
schedules for a set of many trips all at one time,
as opposed to scheduling individual trip requests
as they are received.
Billing codes-Codes may be assigned to trips or
to passengers so that summaries of costs, trip
frequencies, and the like may be calculated.
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Call-back list generated-A list of future riders, together
with their telephone numbers, is generated so that confirma-
tion calls can be expeditiously made on the day of the trip to
reduce no-shows.
Choice of performance criteria (ride/wait times, etc.)-
Allows the user the flexibility to specify various statistics or
measures to be captured and calculated, describing the per-
formance of the system.
Computerized vehicle route selection-Selection of the
routes-the street-by-street path between two points-by the
computer program.
Electronic Document Interchange-Has provision for
transmitting to other computers over telephone wires or other
connectors data accumulated concerning service, passengers,
and status of the software.
Federal HHS  reports-Produces reports required of DRT
services funded under programs of the U.S. Department of
Health and Human Services.
Fixed route transfers-Includes in the trip planning the
meeting of fixed route bus schedules to facilitate transfers
between DRT service and fixed route buses.
Flagging of costly trips-The identification of trips that are
costly to serve because they cannot be served by a vehicle
serving other trips or because they are unusually long.
Flexible invoice formats-The ability to tailor the content
and format of invoices for DRT service to meet the needs of
the providers or the paying agency.
Frequent destination list-A  list for each passenger of his
or her most frequent destinations. This information aids the
telephone communication and, if the information can be
automatically transferred to the trip order, speeds up the
reservation process.
Fully computerized scheduling and dispatching-The
computer software determines the schedule and the trip
assignments to vehicles with no human intervention.
Geocoded addresses-Addresses identified with specific
map location codes are necessary for some scheduling
algorithms and are useful for trip planning in a manual
system.
Group trips-Vehicle trips consisting of several passengers
traveling from the same origin to the same destination.
Immediate (real-time, like taxis) reservations and sched-
uling-DRT service that responds quickly to requests for
service, for instance in 20 minutes to 1 hour from the time of
the request.
Import/export ASCII files-The ability of a software pack-
age to read and write in a standard format called American
Standard Code for Information Interchange (ASCII), pro-
nounced ask-ee.
Import/export to spreadsheet-The ability of the software
to read and use information from spreadsheet software and
to write information so that it can be used by spreadsheet
software.
Import/export to word processor-The ability of the soft-
ware to read and use information from word processing soft-

ware and to write information so that it can be used by word
processmg software.
Keyword search and sort capability-The ability to search
for any and all passengers who have a common characteris-
tic, such as mobility aids or destinations; can be useful for
grouping trips or helping passengers.
Manual override of computer-generated schedule-The
ability to manually change schedules/dispatches generated
automatically by DRT scheduling/dispatching software.
Multi-tiered security-A method of restricting user access
to selected portions of the software and databases, ranging
from allowing access to use and change the entire computer-
ized system to allowing access to only one function or
database.
Multi-user reservation processing-Reservation taking
and scheduling/dispatching can be accepted by more than
one human reservationist, without conflicting with one
another, to create compatible schedules.
Name recognition of common places-Beginning to type a
place name causes the software to call up a list of candidate
names with similar spelling. Some software may actually
enter the alternatives in the place name field. May be redun-
dant with most frequent destination list stored in passenger
database.
On-line address verification-verifies each address
entered by checking to see if the street exists, is unambigu-
ously identified (asking for Avenue, Street suffix when
needed), and the number is valid for the street. Cannot dis-
cover all errors but will flag many mistakes.
On-line “help” available--Assistance is available on the
screen while using the software. 
On-line time (pickup, etc.) estimates-Estimates of pas-
senger pickup times are calculated by the software at the time
a reservation is taken. In low-end software, the estimate will
not be based on an actual vehicle assignment. In high-end
software, a vehicle assignment may be made at the time a
reservation is taken.
Paratransit transfers-The software has the capability of
scheduling two paratransit vehicles so that a transfer can be
made between the two when it is required to complete a trip,
as in a system in which vehicles are constrained to particular
zones. It is also possible that transfers may be scheduled
when it is advantageous from an operating efficiency point
of view, although it is not known if any software packages
contain this capability.
Partial name/address entry-Entering part of a name or
address causes the software to suggest completed names to
speed up the processmg. This is a feature that exists in some
generic packages.
Passenger prioritization possible-Passengers are
assigned a priority level so that those with a higher priority
would receive more favorable pickup and ride times. This
feature is probably not allowed in a purely ADA service, but
ADA patrons could be assigned a higher level of service in
systems that service both ADA patrons and others.



Performance data collection-Collects and calculates a
variety of the most common performance measures used to
monitor and evaluate DRT service.
Personalized passenger loading times-Accounts for the
actual historical loading time for each known passenger
when estimating the trip times for scheduling purposes.
Pop-up menus/multiple windows-A menu of activities
from which the user can choose appears when the user selects
a heading with a mouse or a function key. A feature of user-
friendly software found in software with a graphical user
interface, as in Apple Macintosh and DOS Windows.
Problem-passenger warning-Entering passenger’s name
causes the software to indicate that the passenger is a prob-
lem passenger, perhaps because of special needs or on-board
behavior. This allows the scheduler to notify the driver, limit
the types and numbers of other riders, or the like.
Recent ride history maintained-A record of recent rides
is kept that may be useful to speed up making trip reserva-
tions, auditing performance, or planning group trips.
Redundant reservation warnings-An indication is pro-
vided if a duplicate trip reservation is made at a time which
is close to an existing reservation.
Remote terminal access-Access to the computer over tele-
phone lines or other connections is possible from terminals
or computers located elsewhere.
Section 15 reports-Software that collects and calculates
the information that i s  required to be reported by transit sys-
tems that receive federal government funding.
Simulation training capability-Software that can simu-
late operations of a DRT service, for training reservationists
or schedulers/dispatchers or for evaluating different operat-
ing procedures; the same idea as an airplane flight simulator.
Split billing-Allocation of the cost of a trip to several pas-
sengers sharing the trip so that different sponsoring agencies
can be billed for their clients. The allocation should be based
on some logical methodology, such as trip miles.
Support for brokering (several operators)-The ability to
dispatch trips to different vehicle operators by considering
allocation criteria that are a function of the operators.
TIGER file compatibility-The ability of the software to
read and use information from TIGER files and to write
information in TIGER file format.
Tracks recent ride history-See Recent ride history main-
tained.
Trip eligibility check (for ADA trips )-Verifies that a
patron making a trip request has been certified as eligible for
the service and that the trip is an eligible trip.
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Trips displayed on layered maps-Trips are displayed
graphically on the computer screen on a background map
showing street networks; various levels of magnification and
detail (layers) of maps can be called up at the user’s discretion.
User-defined fields available-The ability to add discre-
tionary information to the passenger files to tailor service or
perform special analysis.
User name and date stamping-Information entered mto
the software is labeled with the name of the computer user
and the time and day it is entered, to enable auditing for
errors, identifying the need for training, and rectifying unau-
thorized users.
Variable checks on all inputs (completeness, legitimacy,
etc.)-Information entered into the software is checked for
completeness, accuracy (when it can be compared to infor-
mation already stored), and legitimacy (when it can be tested
against logical norms, e.g., a 200-mile trip is questionable).
Variable vehicle parameters (number, seating, etc.)- The  
ability to distinguish differences among vehicles so that the
specific capacity and capability of vehicles can be accounted
for when dispatching.
Vehicle location on layered maps-The locations of vehi-
cles are displayed graphically on the computer screen on a
background map showing street networks; various levels of
magnification and detail (layers) of maps can be called up at
the user’s discretion. Location can either be estimated by the
software, reported by the driver, or measured by a technol-
ogy called Automatic Vehicle Location (AVL).
Vehicle speed as a function of traffic, time, geography-
Vehicle speeds used by the software for scheduling/
dispatching are calculated based on other factors rather than
taken as a system-wide constant. Various levels of sophisti-
cation are possible, from simply assigning a speed to a par-
ticular road link to changing the speed based on weather,
time of day, etc.
Zonal system-An operating procedure which assigns vehi-
cles to operate in designated zones.
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CHAPTER 4

COMPUTER HARDWARE

AUDIENCE

The first section of this chapter can be skipped by readers
who have experience with computer hardware. If the follow-
ing description makes sense to you, you may wish to skip
Section 4.1.

Requires a 386/25  computer, math coprocessor, MS-DOS
3.3, 8Mb RAM, 20Mb disk space, VGA, and a mouse.

The remainder of the chapter describes the results of the
survey of DRT users and experts concerning hardware used
currently and planned for the future.

The processor’s solid state switches don’t click,
No gears, cogs or levers to rattle or tick.
The screen output is silent and still,
No movement betrays this numerical mill.
The machine without motion must finally demand,
As it grows more aware that it lacks arm and hand,
An effector to give its thoughts  body and force,
And what will it choose? Why, a person, of coursel

--Sing a Song of Software,
Leonard J. Soltzberg, 1984  (1)

4.1 HARDWARE PRIMER

This section contains a brief description of computer hard-
ware terms and concepts. The decision concerning what
hardware to buy is usually dictated by the software so that
you, the buyer, do not need a separate evaluation of hard-
ware and may take the vendor’s advice if you are buying a
software/hardware package. If you already have a machine,
the vendor will advise you concerning its adequacy and
whether you need to upgrade or replace it. Hardware know-
how is useful, however, so that you are not totally at the
mercy of the vendor or if you want hardware with capability
beyond that required by the DRT application so that you can
apply it to other functions.

4.1 .1 Classification of Computers by Size

Historically, computers are discussed in at least four sizes
which, in order of cost, speed, computational precision, and
storage capacity, are: mainframes, mini-computers, work

Drawing by Sidney Hams reprinted by permission

“Everybody needs candy. Everybody needs stationery.
Everybody needs microcomputers. ”

stations, and personal computers (PCs). Rapid development
of technology has hfted the capabilities of all computers so
that the PC of today is equivalent to the mainframe of a
decade ago, obscuring the dividing lines among these
classes. Accompanying the leaps in technology have been
plunges in cost so that PCs and work stations, communicat-
ing over networks of wires, together satisfy the demands of
the bulk of the market.

4.1.2 Types of PCs

As the survey results cited in Section 4.2 will show, PCs
are adequate to control and manage the vast majority of DRT
systems. There are two main types of PCs-those that are
compatible with a standard created by IBM, called compati-
bles or IBM-compatibles, and those that are not compatible.
The noncompatibles are now mainly those machines having
the brand name of Macintosh, until 1995 made only by Apple
Computer, Inc., which now allows other manufacturers to
make Macintosh-compatibles. To confuse identification
somewhat, the abbreviation PC i s  sometimes used to distin-



guish  IBM-compatibles from other personal computers. Since
there is no DRT software developed for the Macintosh, we
use the term PC to refer to IBM-compatible machines.

Even the term personal computer is not as accurate as it
used to be. It was coined when the machine was dedicated to
one user sitting at the keyboard. Now it is possible that
machines on the same network may share files and computa-
tional capability, so that a user may not have total control
over the PC he or she is using.

4.1.3 Operating Systems

PCs can also be classified by the operating system they
use. The operating system is simply software that provides
the brains of the computer, controlling all operations and the
flow of information. We discuss operating systems in this
hardware chapter because, without them, the computer is just
a pile of metal and plastic.

The operating system called DOS dominates the IBM-
compatible market so much so that IBM-compatible
machines are sometimes referred to as DOS machines. IBM
also markets a competing operating system called OS/2.
When you buy an IBM-compatible PC, it is likely that it will
come with a DOS operating system, although other operat-
ing systems will also operate it. Most notable is a system
called UNIX, which was developed by AT&T. UNIX is
intended to be a universal operating system that can be used
on computers of all sizes. Currently available from the soft-
ware giant Microsoft is an augmentation of the DOS operat-
ing system called Windows. Windows provides DOS with a
graphical capability, whereby the user chooses commands,
starts programs, lists files, and the like by pointmg to pic-
torial representations (called icons), rather than the user-
unfriendly written commands inherent to DOS. Windows
is the DOS-based machine manufacturer’s competitive re-
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sponse  to the Macintosh operating system, which has used a
graphical user interface for 15 years or more. Now a new
Windows version is available called Wmdows 95. It is likely
that DRT software vendors will begin to make their pro-
grams available in Windows 95 in the near future.

Macintoshes come with an operating system developed by
Apple that is referred to as Macintosh OS. The Mac OS runs
only on Macintoshes, and other operating systems do not run
on Macs because Apple uses a unique combination of soft-
ware and hardware to perform the operating system functions.

4.1.4 Components of a Computer

Computers consist of a number of physical components,
each with a specific function (Figure 4.1). The complete
description of a particular computer consists of the listing of
each of the components which, in turn, identify the machine’s
capabilities. A typical description is the following one, which
is an actual requirement for a DRT software package:

Requires a 386/25  computer, math coprocessor, MS-DOS
3.3, 8Mb RAM, 20Mb disk space, VGA, and a mouse.

Usually the first component described is the name of the
microprocessor, in this case a 386. The microprocessor is the
electronic circuitry that performs computation and controls
data flow-the primary operations of the computer. Other
microprocessors that are currently being marketed in PCs are
named 286,486 and Pentium, in increasing order of compu-
tational power. The number after the slash signifies the speed
of the microprocessor, in this case 25 megahertz. You don’t
need to understand the meaning of that designation but only
that you would need a computer with a microprocessor speed
of 25 megahertz or greater. Microprocessors are currently
available that run at well over 100 megahertz, and they get
faster regularly. The “math coprocessor” indicates that the

contains central

Keyboard

Figure 4.1 Hardware Components  of a Personal Computer.



32

computer has a second microprocessor, this one specially
designed to assist the main microprocessor by performing
certain mathematical functions faster than the main micro-
processor can alone. Microprocessors are often called
“chips.”

“MS-DOS” indicates the operating system is the version
of DOS produced by the Microsoft company. As software is
improved, vendors append a version number to their brand
names, in this case version 3.3. Minor modifications are indi-
cated by the number after the decimal; major new releases
are indicated by the number before the decimal.

The next component is the RAM (random access mem-
ory), a fast, temporary storage used for storing software pro-
grams and data while the computer is running. RAM sizes
are indicated in megabytes of capacity, in this case 8. A
megabyte i s  about 500 pages of text data. As software
becomes more powerful, it also requires larger RAM. All but
the smallest packages require 4 megabytes of RAM, 8
megabytes is usually suggested currently, and up to 128
megabytes is possible.

Permanent storage, the next component of interest,
serves as a file cabinet storing the programs and data that
may be used over time. As the computer is running, the data
and programs required for that session are shifted from the
permanent storage to the RAM. Permanent storage is most
often a hard disk, so called because the information is
stored on a rigid metal disk that is coated with a magnetic
substance. The user cannot see the disk (or disks) as it is
permanently enclosed in a case. In the example of the spec-
ifications given above, it is a hard disk (not explicitly
stated) with a 20-megabyte capacity, a low capacity by
today’s usage. Hard disks of 1,000 megabytes (called a
gigabyte) are common. Another type of permanent storage
is magnetic tape which is something like audio or video
tapes. When used in PC systems, tape storage is usually a
secondary or backup storage rather than the primary per-
manent storage, because data retrieval is much slower from
tape than from disk.

There are several types of disks that are transportable and
are inserted into PCs to read programs into and data into and
out of PCs. Floppy disks, which are inserted into the com-
puter, have been the most common means of buying pro-
grams or transferring data among computers. They are called
floppy because they are flexible, a characteristic that distin-
guishes them from hard disks. The current standard is a 3.5-
inch disk encased in a rigid case. The previous standard was
a 5.25-inch disk encased in a flexible case so that it was truly
“floppy.” The new standard for inputting program and prere-
corded standard data sets has become the CD, the optical disk
system that also serves as a medium for recorded music. As
of this writing, CDs are primarily input devices for reading
data into the computer. As CD systems are advanced so that
systems which write on the disk can be included in PCs, they
will no doubt become the standard means of input and out-
put. A floppy drive is an essential part of a DRT computer

Drawing by Sidney Hams reprinted by permission

“No wonder he never forgets. He has a bubble memory
with a storage capacity of 360 megabytes. ”

system. A CD drive for use in DRT systems now is a bit of a
luxury unless you also want to use various databases or other
programs that are distributed on CDs. But we advise that you
either acquire or be able to add a CD for the time when it will
be the standard.

The next designator is the monitor or computer screen.
“VGA” indicates a high-resolution monitor standard devel-
oped by IBM. If DRT software uses monitor-displayed maps,
a high-resolution monitor may be required.

“Mouse” refers to the device moved by hand that moves a
cursor around the screen to select commands or files when an
operating system using a graphical user interface is used.

Other hardware units that may be required include a
modem, a device for translating the signals on a telephone
line (analog) to a signal a computer uses (digital), which
enables computers to share data sent over telephone
lines. Modems are used to connect to on-line information
services and networks, of which the Internet is the giant. In
the case of DRT systems, modems are used to connect your
computer to the software vendor’s computer so that the
vendor can troubleshoot quickly and remotely. Vendors
may also distribute program upgrades and bulletins by
modem.

Some means of backing up, i.e., duplicating all databases
and files in case the original is destroyed, is essential both



for legal and efficiency reasons. If the loss of a database
would impede operations or replacement would be costly,
then it should be backed up. Usually backup storage devices
should have high-storage capacity so that entire days of
operations can be conveniently stored. Backup data can be
stored on floppy disks, hard disks, magnetic tapes, or other
devices. Several types of storage devices with removable
cartridges specially designed for backup storage are on the
market. Portable backup devices are useful because they
can be stored securely away from the system so that fire,
earthquake, or other calamities would not cause the loss of
all data.

Some of the hardware described above may be built into
the computer, and some may be attached. Any additional
piece of equipment attached to the PC is called a peripheral.
The most common peripheral is the printer. Printers
vary greatly in the quality of the product, but usually any
printer will suffice for a DRT system, and you are free to
select the quality you desire. Sometimes the designation
“120 characters” is indicated, meaning a printer able to
print a line containing 120 characters, which was consid-
ered a wide carriage in the days when printers were like
typewriters. With modern laser and inkjet printers, the print
size can be scaled at will, so the carriage width is not
applicable.

PCs have a nasty habit of occasionally expressing their
personalities by destroying your data, much like an
unhappy child who throws your dishes. Therefore, anything
stored permanently on hard disk and anything being oper-
ated upon which is held in RAM must be duplicated on
some other storage medium. The most common method is
to use the hard disk to back up RAM and to use floppy disks
or tape media to back up the hard disk. Additionally, a
printed hard copy of the data i s  also a backup, but it is not
as convenient to use to correct errors since it is not directly
machine-readable.
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Another example of a hardware requirement specified by
a software vendor is:

IBM-PC or compatible, MS-DOS/Windows, hard disk,
FoxPro for Windows.

The new element in this description is the specification of
FoxPro, which is a generic database application program.
This indicates that this DRT package is an example of one
written in or using a generic program.

4.2 DRT HARDWARE USE

4.2.1 Microprocessors

Respondents were asked which computer they currently use
(the first bar in the graph in Figure 4.2) and what their likely
future hardware will be (the second and third bars). The
answers indicate that the most popular computers are personal
computers using the 486 microprocessor, followed by per-
sonal computers containing the 386 microprocessor. However,
the use of the 386 machines will decline as they are replaced
by the computers using the Pentium microprocessor, few of
which were in use at the time of the survey. Present 486 users
plan to keep those machines, but new users will probably opt
for a machine with the Pentium chip unless they are on tight
budgets, because 486-based  machines are less expensive.
Work stations, which are the third-most-used computers
today, will also decline in use, as will mainframe computers.

It is clear that today’s users expect personal computers to
be the workhorses of DRT computation in the future. The
microprocessor of choice may change, since the state of the
microprocessor art changes constantly, leading to rapid obso-
lescence. However, DRT vendors have expressed the opin-
ion that the 486 and the Pentium are sufficiently powerful for
the software they are contemplating in the near future. This

I q  Use now q  Keep q  New users I

386 486 Pentium Mac/ Other Work Mini Main
Power PC Station frame

PC

Figure 4.2 Computer Hardware Used and Planned.
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CHAPTER 5

HOW MUCH AUTOMATION?

CONTENT AND AUDIENCE

Computers are useful for tasks requiring rapid, accurate
calculations on large amounts  of data. These  capabilities
are needed to perform the functions required of DRT oper-
ations. This chapter deals with the issue of whether or not
to computerize, and if computerization is worthwhile, what
level of computerization is warranted. It is intended for all
readers.

5.1 THE CASE FOR AUTOMATION
OF DRT SERVICE

In a paper written early in the development of ideas about
the automation of DRT systems, Professor Nigel Wilson (1)
made the following case for automation  of DRT service:

Principal  factors arguing for computer control are as
follows:

1. Decisions are more effective,
2. Larger systems are feasible,  and
3. Features can be extended.

The basic argument is that “better” decisions can be made
by a good computer control procedure than by a good dis-
patcher, particularly  in large systems. Specifically,  service
attributes desired by passengers can be provided  more con-
sistently and at improved levels by computer dispatching for
a given number of passengers and vehicles (hence, produc-
tivity). The superior  performance could be translated into a
more attractive service resulting presumably in increased rid-
ership or into a reduced vehicle fleet size with the quality of
service preserved. In either case, higher productivities should
be achieved by a computer-dispatcher  system than by a sim-
ilar manually dispatched  system. This advantage increases
with system size as the limit of a single manual dispatcher is
approached. Effectively  this manual-dispatcher  limit bounds
the economies of scale that may be achieved as the manual
system expands. Further economies of scale may be achieved
through computer dispatching. Extended features that com-
puter control may make feasible  include automatic billing,
simultaneous provision  of distinct services, automated inter-
faces with customer, and vehicle communication system.

The argument for automation  today is the same one.  Pro-
fessor Wilson also saw the role of automation with respect
to the use of complementary technologies 20 years ago, a
promise that is only being realized today (see Chapter 7).

5.2 DECIDING WHETHER AND HOW MUCH
COMPUTERIZATION IS WORTHWHILE

There are several bases for the decision concerning whether
or not to computerize your DRT administration and opera-
tions. The decision can be made without specific and detailed
analysis, based on the experience of others and on faith that
computers will help. For agencies having large fleets, the no-
analysis decision is probably correct. By the same logic, the
smallest agency usually can justify the acquisition of personal
computers for strictly administrative matters, maybe even only
for word processing. Once a computer is in-house, relatively
inexpensive software, such as databases or spreadsheets, can
be applied to DRT operations. We believe that almost all
agencies with several vehicles and several hundred riders can
justify a computer for some DRT functions.

The difficult decision is whether the relatively expensive
scheduling/dispatching software is warranted. Operators of
fleets of 50 vehicles or more, offering immediate response
service to 1,000 passengers daily in an unzoned service area,
can safely assume that they need a software package that pro-
vides the fully automatic scheduling. However, if they assign
vehicles to zones within their service area or if they run a
high percentage of subscription trips, analysis may
be required to determine if expensive software is warranted.
For smaller agencies, specific analysis may be warranted
to determine if the relatively more expensive scheduling/
dispatching software is worthwhile. Usually, systems with
about 10 vehicles carrying 150 trips per day will warrant at
least a computer-assisted software package (see Table 3.2).

High-end specialty DRT software may cost between
$50,000 and $100,000, which appears to be a high price when
its value cannot be established with certainty before installa-
tion and use. However, it should be remembered that this soft-
ware may become a major management and decision tool for
operating a DRT system with an annual budget of several mil-
lions. Therefore, the effort to make a good decision is well
worthwhile. In the words of a TCRP panelist, “It is not like
buying a $100,000 parts washer in the maintenance shop.”

This chapter starts by examining the experience of
providers with computerization and concludes with an ana-
lytical discussion of issues for each DRT function. Several
means of analyzing the decisions concerning scheduling/
dispatching are discussed.
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be beneficial to you, then you should undertake analysis of
your own experience.

To analyze your operations, collect statistics on perfor-
mance for a number of days of operation. Try rearranging the
tours actually used to find out if they can be improved. While
finding the best tours during operation may not be possible
because of time constraints, in an analysis with no pressures,
it is possible to examine many alternative tours. One useful
way of performing this analysis would be to ask vendors to
run a number of days using the data you have recorded so you
can compare their tours to your actual data to answer the
question concerning how much improvement you might
achieve from actual software. This is not a perfect test as the
probabilistic nature of paratransit operations allows for
uncertainty in the analysis. However, you can have some
confidence in the results if one scheduling/dispatching
method continually outperforms the other.

You can also analyze your tours manually by searching in
a trial-and-error fashion for better trip assignments, although
the computations will be very tedious. You should use some
means of randomly generating actual trip times. (A random
number table will work.) If you have good computer modeling
skills within your staff, you might consider developing a com-
puterized simulation of your system to determine better tours.
Some consultants also perform this analysis, although it may
be sufficiently costly that only large systems can justify it. The
paradox is that those who can afford the analysis need it the
least, since the decision to computerize in large systems is eas-
ier to justify because the potential benefits can be so large.

The use of scheduling/dispatching procedures in an imme-
diate-response mode is greatly enhanced by a precise knowl-
edge of the location of vehicles. This has led some profes-
sionals to conclude that the real benefits of immediate-
response DRT service will occur when scheduling/dispatching
is integrated with Automatic Vehicle Location (AVL) tech-
nologies. Since AVL is a relatively expensive technology at
the time of this writing, full benefits of this combination may
only be available to large systems now or when the cost of
AVL technology declines. However, more will be known
about the benefits and costs of AVL soon because several
agencies are installing systems integrating AVL and auto-
mated scheduling/dispatching (see Table 7.1).

Another issue pertaining to automated scheduling/dis-
patching is the problem of selecting software that performs
the function well. The procedures that perform scheduling/
dispatching and routing are complex mathematical ones that
seek not just an acceptable course of action but an optimal
course of action. Unfortunately, the quest for the optimal
course of action consumes too much time, even when com-
puterized, to be practical under the time constraints of DRT
operations. Therefore, the procedures in current use settle for
near-optimal solutions. Given all the other uncertainties and
inaccuracies in real-world operations, the differences between
the optimal and the near-optimal should be insignificant. On
the other hand, the differences in the procedures used by dif-
ferent vendors to find the near-optimal may be significant, as
may be the time required to apply their procedures. The prob-

lem for you, the buyer, is to discern what is worthwhile and
which vendor can best provide it. The objective, comparative
research necessary to analyze the procedures of different ven-
dors has not yet been done by any appropriate organization.

5.4.5 Routing

Remember that the routing function prescribes the best path
between points in terms of the actual roads taken (accounting
for one-way streets, congestion, and the like), not merely the
sequence of points. The routing task is performed by finding
the best vehicle routes among drop-offs and pickups, where
“best” can be defined as the lowest cost or the fastest. The best
route is found by mathematical procedures that are sufficiently
complex so that computerization is the only practical way to
perform the function. So if you want to find the best routes, you
will need a computerized procedure to do so.

Theoretically, the best vehicle routes are by-products of
the scheduling/dispatching function if it is performed in a
fully automated mode. Therefore, if scheduling/dispatching
is fully automated, you will likely get routmg for no additional
cost. The question then is whether you actually use the routing
information by conveying it to drivers or not. You may choose
not to use computer-generated routes and instead let the
drivers choose routes, for several reasons. It takes communi-
cation time and capacity to transmit this information to the
drivers. Moreover, you may feel that the drivers can do as
good a Job or nearly as good a job as the computer because
they may have more timely information on road conditions.
Even if you think the computer routes may be better, you
may consider route selection a prerogative of the driver, on
the theory that route selection makes the driving job more
meaningful.

If the schedule/dispatch function is performed manually or
in a computer-assisted mode, routes will not be generated,
and finding them would require a separate software package.
It seems unlikely that routing performed without fully auto-
mated scheduling/dispatching would be warranted. The nor-
mal vendors of demand-responsive transit software may not
even make a stand-alone routing package available, but other
vendors may. Specifically, school bus scheduling software
vendors would have routing-only packages.

5.4.6 Management Reporting and
Statistical Analysis

One of the great advantages of computerization is that the
information concerning performance can, in most cases, be
easily captured and transformed to any reporting format that is
desired, This is not a free by-product because it requires input
of some information, but once computerized, the production of
statistics and reports should become routine. Compared to the
sophisncation required of the scheduling/dispatching and rout-
ing task, reporting may be considered to be a mundane func-
tion However, every DRT provider needs management infor-
mation and almost all must submit reports for legal or
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contractual reasons, whether it be to a board of directors or to
meet federal Section 15 requirements. For these reasons,
reporting is an extremely important function.

In the earlier days of computerization of the DRT func-
tions, providers appreciated the reporting capabilities even
when the software did not perform the other functions very
well. This suggests that automation of reporting, even if no
other function is computerized, may still be worthwhile and
should be considered.

Given the importance of reporting and the relatively
straightforward nature of the function, it is surprising that at
the time of this writing, providers using specialty software
are complaining about the inadequacy of the reporting capa-
bilities of some packages. This is a matter that will likely be
improved, as is indicated in the projections of the future
improvements described in the next section.

5.4.7 Other Functions

Other functions that can be performed with software assis-
tance include accounting, invoicing, maintenance, purchas-
ing and inventory control, and project management. These

are not uniquely DRT functions as are the ones discussed
above, and they are functions that many businesses perform.
Therefore, greater varieties of generic software that perform
these functions are available from many vendors at relatively
low costs. In addition, some specialty DRT vendors market
packages for these functions, and some of them may be inte-
grated with the DRT operational software discussed above.
Fmally, vendors that sell to the transit industry but do not
have DRT specialty software also offer packages performing
these functions.

If you opt for a generic package and also use DRT spe-
cialty software, you will want to be able to use the relevant
data from the specialty package without reentering it into a
different computerized form. For this reason, you want a spe-
cialty package that will produce the data in standard formats
that can be read by generic packages.

REFERENCE

1  Wilson, N. H. M., “Coordination and Control of Paratransit  Ser-
vices.” Partransit, Special Report 164 ,  Transportation Re-
search Board (1975) p. 174.



41

CHAPTER 6

ACQUIRING DEMAND-RESPONSIVE TRANSIT (DRT)
SPECIALTY SOFTWARE

CONTENT AND AUDIENCE

This chapter contains a discussion of the principles of pro-
curement, provides a procedure for the acquisition of spe-
cialty paratransit software, and discusses a few of the most
significant issues arising during the implementation of spe-
cialty software. It is the major topic of the Handbook and is
intended for every reader.

6.1 PROCUREMENT PURPOSE, PROCESS,
AND PRINCIPLES

The purpose of the procurement process is to find a ven-
dor who is willing and able to provide and service software
meeting your specifications, and then to consummate a con-
tractual arrangement to acquire the software. The process
varies according to the complexity of software being
acquired. Purchasing low-end software is similar to purchas-
ing generic software. Acquiring high-end software-that
which performs calculations intended to assist or automati-
cally perform the scheduling/dispatching-is a more com-
plex task and is the main subject of this chapter. This intro-
ductory section reviews the process of buying generic
software, contrasts this with the acquisition of high-end spe-
cialty paratransit software, and presents general principles of
procurement.

6.1 .1 Procuring Generic Software

Usually, you don’t buy software in the same sense that you
buy a computer or a book. Most commonly, you purchase a
license to use software. Licensing is a device whereby the
vendor attempts to maintain some control of the use of soft-
ware. Usually, the vendor wants to ensure that each software
package is used on only one computer system and is not
copied and shared among employees, friends, and family, or
sold to third parties. When using any of the three words
procuring, buying, or acquiring, we refer to either licensing
or outright purchase, depending on the terms offered by the
vendor. A generic software license almost always includes
documentation of the software and usually includes after-
sale technical support.

Buying generic software for personal computers is a sim-
ple and low-risk venture. You may start by seeing an ad for
a package that interests you. If the price is less than a good

meal in your favorite restaurant, you complete and send an
order form with your credit card number. If it’s a little more
pricey, you may seek a review of the software in a magazine
or visit your friendly retailer, ask questions, and read the fine
print on the package before purchasing.

After purchasing the package, you bring it home and, if
you are experienced and the package is thoughtfully pre-
pared, you can usually start using it quickly without spend-
ing a lot of time studying the manual. You might rip off the
shrink-wrap, put the disks in the computer, and execute the
program that installs the package on your computer. If you
are more cautious or less experienced, you first flip through
the user’s material until you find the section that tells you
how to install the software and execute the installation
instructions. You then execute the program and begin to use
it. If you have a problem, you resort to reading the appropri-
ate parts of the manual. It is rumored that there are people
who buy generic software and read the entire manual before
they touch the computer. We have never known such a per-
son. Sometimes it is only when you read the manual that you
find that this software doesn’t run well on your machine.
Then you have to decide whether to upgrade your machine,
remove conflicting software, or return the package for a
refund.

Over time, you learn how to use more and more of the fea-
tures by exploring and reading the manual. When you really
get stumped, you may call the software vendor or developer
for technical support. If that doesn’t help, you go to the ulti-
mate authority-your kids. Reasonably priced courses in
software-use proliferate so that you can learn to use most
common packages in the classroom.

Generic software is usually available from several ven-
dors, so if the package you desire is an expensive one, you
may seek price bids from two or more vendors and select the
lowest bid. If the software is available at retailers, you may
compare the prices of different retailers, which is another
kind of bidding process. In general, bidding is used to acquire
a standardized good or service when price is the only factor
or the most significant factor.

6.1.2 Procuring Specialty Software

Procuring specialty software differs, depending on the
level of software sophistication. Low-end software, which
performs the less complex paratransit functions of eligibility
determination and recording trip requests and trip informa-
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tion, is acquired in much the same way as generic software.
That is, the software is provided without including training
or support in the purchase price. Low-end DRT software dif-
fers from generic software in that there may be only one
source vendor for each package.

When acquiring high-end paratransit software, the first
thing to do is to forget what you know about buying generic
software. This is not a “rip-off-the-shrink-wrap-and-away-
we-go” process. When acquiring specialty paratransit soft-
ware, you are not only buying software, you are forming a
partnership with the software vendor that is intended to bring
you the benefits of computerization. A good vendor will also
see the relationship as a partnership. If you haven’t used spe-
cialty software in your organization, you are committing to a
learning process and are adopting a technology which may
also change the way you do thmgs. You are paying a suffi-
ciently large sum of money so that even if you have trouble
using it, you can’t very well put the software on the shelf and
forget about it.

Federal procurement processes (I) list a number of alter-
native procurement processes: 1) invitation for bid; 2) sole
source; 3) small purchase; and 4) request for proposal.
“Invitation for bid” (also known as “low bid”) is used when
there are several suppliers competing to provide identical
goods, such as buying a fleet of Stanley Steamer automo-
biles, a generic software package, or any products that
accomplish essentially the same functions. “Sole source”
procurement is buying from one source without competi-
tive bidding when there is a compelling reason for dealing
with one source. Buying the right to use Mickey Mouse
as a trademark would have to be done with the owner of
those rights. “Small purchase” acquisition is a simplified
process the federal government allows for purchases under
$100,000 (formerly $25,000).

To purchase specialty paratransit software, you will use
various forms of the “request for proposal” (RFP) process. A
proposal is different from a bid. RFPs are used when the
product or service desired is not standardized, the vendors
have some flexibility in how they meet the purchasers’ needs,
and the price and scope of services are subject to negotiation.
RFPS are usually used to acquire services but are appropriate
for purchasing specialty software, which is both a product
and a set of services. The RFP is a written specification of
your terms. In response, a vendor submits a proposal, which
is a set of their promises to you if you purchase their soft-
ware Unlike a request for a bid, price is only one of many
factors. You are acquiring both a product and a number of
services: training, implementation, technical assistance, and
continuing software enhancements over time.

6.1.3 Principles of Competitive Procurement

The principles shown in Table 6.1 are guidelines designed
to make procurement effective for the purchaser and fair to
the vendors. Naturally, any such list is not to be rigidly
applied as there may be good rationale for exceptions. If
exceptions are made, the reasons should be explicitly identi-
fied and scrutinized.

The procurement process should be a dispassionate,
objective, and comprehensive means of selecting software
that best meets your needs and desires. It should provide
safeguards against becoming captivated by surface glamor
or the personalities of the vendor’s staff. Unlike buying
something like a new car, where almost any brand would
give you transportation, the wrong software may be totally
useless. In other words, the downside of a bad decision is a
costly mistake.

TABLE  6.1 Principles of Software Procurement

Provide complete and unambiguous information concerning software needs to each
candidate vendor;

Request and obtarn the same set of information from each candidate vendor;

Allow vendors to exercise creativity in meeting your needs, when appropriate, by
specifying what needs to be done rather than  how it should be done;

Allow candidate vendors suff icient time to prepare a proposal;

Describe the selection process and timeline to the vendors;

Explain the criteria for evaluating the proposals to the vendors;

Include a dispute resolution process in case of conflict with the losing or winning vendors;

Consult with all those persons in your organization who will interact with the software product;
and

Specify requirements which do not favor any vendor except for reasons that per-tarn to their
product and service



6.1.4 Contract Service Providers

It is not uncommon for the contract service providers
(those firms which provide DRT service under contract) to
want to use software of their choosing. If you believe that
you have identified the best software for your application,
you might require its use in the request for proposal to
service providers. Those providers that are not willing to
take responsibility for total service quality presumably will
not bid or will ask for an exemptron. Those who have expe-
rience with the software you want presumably will propose
and take responsibility for total service quality. The point is
that you want the contract provider to take responsibility for
the entire service. You do not want to impose software and
allow them to exclude from their responsibility any problems
arising due to the software. Our guidance, in all aspects of
DRT service, is that you should make a single vendor respon-
sible for all aspects of performance. This may be a problem
if you have a software package up and running and plan to
contract with a provider-either a new provider or for the
first time. Either consider only providers who are willing
to take responsibility for the software performance or scrap
the software and let the service provider select the package
it prefers. You don’t want the service provider to be able
to point to the software as an excuse for performance beyond
its control.

6.2 TASKS FOR BUYING SOFTWARE

6.2.1 Introduction

Buying software by an RFP process can be seen as series
of tasks, as shown in Table 6.2. The order in which these
tasks are performed may vary depending on which procure-
ment method is used. In actual application, there may be
backtracking to previous tasks as new information is col-
lected. Each of these tasks is discussed in this section. Much
of the information contained in this section is not unique to
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acquiring specialty software and applies to procurement of
many other goods and services. Available references on pro-
curement may provide useful background information.

We have not listed a step for analyzing your present
process in a search for improvements that do not require
acquisition of technology (as discussed in Sections 5.2 and
5.3) because it is not an acquisition step. Nevertheless, we
emphasize that the rationalization of existing procedures is
an essential task that should be undertaken before the acqui-
sition of software/hardware.

6.2.2 Identify Your Needs and Develop
Specifications (Task 1)

If you don’t know where you are going,
you will get there, but you won’t know it.

-Anonymous (apologies to Yogi Berra)

Clearly you want to buy a software package that does what
you need, so you need to specify the neeed capabilities and
features. You must carefully document specifications to
ensure that they have the blessing of the relevant users in your
organization and that you can convey your needs clearly to the
vendors. This is a difficult task which, if not done well, will
likely result in selecting an inappropriate software package.

We have listed the definition of needs as the first task, but
it is a good idea to survey what is available in the market at
the same time. Knowing what is available ensures that you
will not unintentionally constrain your vision about your
needs by not recognizing what is already possible. On
the other hand, an understanding of what is available will
ensure that you are realistic about what is possible. There-
fore, we suggest you familiarize yourself with the software
(Task 3) before you finish defining your needs. Examine
the list of paratransit functions in Section 2.3, understand
them, and determine which are important to you. You should

TABLE  6.2 Tasks for the Procurement  of DRT  Software

1. Identify Your Needs and Develop Specifications

2. Identify the List of Vendors

3 ldentlfy Available Software Capabilities

4 ldentlfy  Potential Vendors’ Strengths and Policies

5. Prepare the Request for Proposal (RFP)

6 Notify the Vendors

7. Evaluate the Proposals and Select the Final Vendor
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also identify the features (Section 3.8) that you want in
the software.

When defining your needs, it is a good idea to learn the
language spoken by users and developers of paratransit soft-
ware. The material in Chapter 3 on software is intended to
help you develop this language. Knowledge of the language
allows your description of needs to be translated readily to
the capabilities of existing software. You should be able to
read a vendor’s brochure and know what they mean by each
capability and feature offered. In some cases, it may be desir-
able to understand the inner workings of the procedures used
in the software to accomplish each function, but this may
require more effort than it is worth.

It is unlikely that you will be able to get or afford all the
features and capabilities that you want. Moreover, there even
may be conflicts among some of the features. Therefore, you
need to make a list of all the features and capabilities you
would like and to rank them by importance or at least rank
them on some scale such as the following four-point scale:

Essential-absolutely must have the capability;
Desirable-would include it if it is available at low cost

and does not cause other problems;
Discretionary-of some use but of low importance so

would take it if it does not add to the cost; and
Unneeded-do not need it even if it is available at no addi-

tional cost.

Use the list of features discussed in Section 3.8 as a checklist
for developing your specifications. This information can be
conveyed to vendors when you ask for proposals. Tell them
the needs that must be met and indicate features of less
importance that would accrue to their benefit in the evalua-
tion of proposals if they can provide them.

Let every user of the software and everyone on the staff
who has a vested interest in its performance participate in this
ranking process. Even though we believe there should be one
final decision maker, obeying the organizational imperative
that the buck should stop at one desk, many participants
should have input. Ideally you would like to develop a con-
sensus, but you may not totally satisfy all users. For one
thing, users are more concerned about capabilities than they
are costs. But you would like to enlist their support and com-
mitment, whatever is purchased, to make it work. To do this,
you will need a process of staff education and consultation,
which starts with the needs identification and continues
through all the tasks of acquisition and implementation.
Enlist those involved to help define needs, to learn about the
software, and to help in implementation.

When you define needs, you may have a tendency to do
things more or less as you do them now. You would like the
new process to be familiar and comfortable, but it may not be
the right criterion. A common criticism of some DRT soft-
ware is that it automates manual procedures and thereby for-
feits the real advantages of using computers. Our advice is

not to treat your present procedure as a constraint on your
selection of software. Rather, you might consider the present
methods as desirable to maintain, but not essential.

Written specification of needs should be prepared, regard-
less of what method of procurement is used. If a written
request for proposal is prepared, which is recommended, the
specifications become part of that document. If negotiations
are to be conducted, the specifications are the checklist for
agreeing to the capabilities.

6.2.3 Identify the List of Vendors (Task 2)

Identifying the candidate vendors is the easy part of acqui-
sition-the hard part is identifying the best vendor for you.
See Table 6.3 for information on software and vendors com-
piled by trade associations, universities, and other organiza-
tions. While some of these organizations update their lists
regularly, any list will become dated, so your search for ven-
dors should include visiting trade shows and noting the
advertisements in the various trade magazines.

Both the American Public Transit Association (2) and the
Commumty Transportation Association of American (3)
have compiled information that includes paratransit soft-
ware. The APTA directory includes user contacts as well.
Others also have compiled or regularly compile lists, for
example, the University of Kansas Transportation Center (4),
Centers for Microcomputers in Transportation of the Uni-
versity of Florida (5),  and the University of North Carolina
(6). The New York State Department of Transportation has
conducted a survey of low-cost software. A number of con-
sultants specialize in helping paratransit providers select
software. Specific references in this Handbook to individuals
would be a good starting place to find individual consultants,
and many of the large consulting firms may have appropriate
skills within their staffs.

A final word on possible vendors. Part of the transporta-
tion software industry provides software to the taxicab oper-
ators. Traditional taxi scheduling/dispatching is mathemati-
cally a simpler task, even though it may involve many more
vehicles because it does not require the ability to share rides.
Vendors of taxi software may try to sell their software for
shared riding. Some may adapt it to be a satisfactory shared-
ride product, but many can be eliminated early in your iden-
tification of vendors.

6.2.4 identify Available Software Capabilities
(Task 3)

At some point, you need to identify the capabilities of
the various software packages; the point at which it is done
will depend on the path you use for acquisition. Ultimately,
of course, evaluation of the capabilities will determine which
software you purchase. If identification is early in the
process, its purpose is to decide which firm will be invited to
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TABLE  6.3 Sources of Information  on Software and Vendors

Passenger Transport, weekly newsletter, and
Software in Transit Handbook, guidebook

American Public Transit Association
1201 New York Avenue, NW
Washington, DC 20005
Voice 202/898-4000
Fax: 202/898-4070
Internet: http://www.apta corn

Community Transportation Reporter, monthly magazine
"Community Transportation Software” (November 1994) p.10.
Community Transportation Association of America
1440 New York Avenue, NW, Suite 440
Washington, DC 20005
Voice: 202/628-1480
Fax: 202/737-9197
Transit Hotline: 800/527-8279
Bulletin Board (TAP-IN) 202/628-2537
Internet: http://www.ctaa.org/ctaa/resource html

7995 Catalog, annual publication
McTrans, Center for Microcomputers In Transportation
University of Florida
512 Weil Hall
Gainesville, FL 32611-6585
Voice: 904/392-0378
Fax: 904/392-3224
Bulletin Board (McLink): 904/392-3225
Email.  mctrans@ce.ufl  edu
Internet: http //www mctrans.ce.ufl edu or

http://www mclink ce.ulf.edu

PCs in Transporfafion Software  Directory (June 1994), loose-leaf notebook or
computer disk
PC-TRANS. The University of Kansas Transportation Center
(Also published a magazine, PC-TRAM, in the past )
2011 Learned Hall
Lawrence, KS 66045-2962
Technical hotline 913/864-5655
Fax: 800/245-8760
Bulletin Board. 913/864-5058
Email: pctrans@kuhub. ccukans edu

State of New York
Department of Transportation
Albany, NY 12232
Gary Sorvair or Russell DeJarnette
518/457-8335
Fax: 518/485-7563

(Identified several DRT software packages for small providers costing under $1,000)

bid or with which firm you will negotiate. No matter when
it is done, identifying capabilities is a bit of a detective’s job.

The vendors themselves will provide information on the
capabilities of their packages, Remember, this is marketing
information designed to make their product look good. Many
vendors demonstrate their software at trade shows or will do
so at either their place or yours by arrangement. An efficient
way to gather informanon and to see a demonstration is at a
trade show sponsored by one of the various trade associtions.
In one day, you can often view several of the most widely
installed packages. You may not see the smaller vendors at

these shows, but viewing three or four demonstrations may
be a good way to start your selection process by familiariz-
ing yourself with some of the options that are available.

A few vendors distribute demonstrations on computer
floppy disks, but others do not like this format because they
prefer to meet potential customers face-to-face. For those
unfamiliar with software such as a computerized scheduling
package, a demonstration disk may be a excellent way, not
only of evaluating a particular package, but also of learning
about software packages in general. When viewing any
demonstration, you should remember that a demonstration is



created as a marketing effort, not necessarily a discerning test
of the software. Nevertheless, viewing a demonstration is
useful to get an impression of the “look and feel” and to learn
about the software, although it does not substitute for seeing
the software in actual operation. Some demonstration disks
may be programmed to guide you through the features of the
software. Others are real operating software that allows you
to use your own data, which provides a better test of the soft-
ware. In fact, you may be able to compare your own sched-
ules with schedules generated by the demonstration disk.
However, this may not be easily done, since you must cali-
brate the software for your own environment (see Section
6.3). Inexpensive demo disks are available for two software
packages through PC-TRANS (see Table 6.3).

Benchmarking is a technique used to evaluate the relative
performance of software by measuring the computer pro-
cessing time or the user effort (in, say, keystrokes) required
for the software to perform various functions. Computer
trade magazines often evaluate generic software and hard-
ware by comparing and publishing measures of performance.
There is no known comparable analysis of DRT software.
Although proposals for such a study on DRT packages have
been discussed and proposed over the years, no such study is
known to have been done.

The conventional advice to buyers is that you should iden-
tify peer DRT systems, systems that are similar to yours, that
are operating the software of interest to you. This is almost a
universal recommendation by those who offer advice for
acquiring software, and it is a good one. We suggest that you
talk with as many peer or near-peer users as you can identify.
The list of users for each vendor contained in Appendix 6-A
will help you start these contacts. What you may find is that
different users may have diametrically different opinions of
software packages. You may even wonder if they are talking
about the same package. The reason is that the users have dif-
ferent services, service areas, needs, hardware, and expecta-
tions. While this may at first be a confusing exercise, even-
tually you will gain some wisdom about where the software
works best.

Peer analysis is not without problems and shortcomings.
Identifying a true peer is difficult, as no two paratransit sys-
tems are the same. There may be no combination of a
provider who has a system like yours and is using the soft-
ware of interest to you, although this situation is changing as
more and more installations are coming on-line. Finally, this
process limits the evaluation to those software vendors who
have a significant number of installations and closes out the
newcomers, as is discussed in the next section. Nevertheless,
talking to the man or woman who actually uses one is imper-
ative.

You also have the option of asking vendors for specific
information on their products by issuing a specific request for
information or a request for qualifications (not to be confused
with a RFQ since that is the acronym for “request for quota-
tion” that we have called a request for bid above). Such a

request can be as general or as specific as you like. One rea-
son for issuing a request would be to ask vendors to address
a particular concern or question you have about their prod-
uct. This means that each request for information would be
different for each vendor. Different treatment of different
vendors, however, may be a violation of your procurement
policies (see Table 6.1). If so, you could request the same
information from each vendor.

Identify capabilities near the time you are planning to
acquire the software since capabilities constantly change as
vendors regularly improve their products.

6.2.5 Identify Potential Vendors’ Strengths and
Policies (Task 4)

Since you are buying not only a software package, but also
a timestream of services, you must be concerned that the ven-
dor will be capable of providing those services over the time
period you expect to use the software.

Specifically the services you want include

a. Staff training,
b. Implementation assistance,
c. On-going technical assistance, and
d. Software enhancements (upgrades) over time.

You will have a contract obligating the vendor to provide the
specified services, but a contract does not guarantee perfor-
mance, it only guarantees a claim for penalties for the failure
to perform. At best, it will allow you to reclaim some of the
costs. If the vendor goes out of business, you may not even
reclaim costs. Therefore, you need to judge the vendors’ abil-
ity to perform the contract and the quality of that perfor-
mance by assessing the prospective longevity and strength of
competing firms. The first two services are offered immedi-
ately after purchase so there is not a great risk of a change of
condition in the vending firm. The issue is whether vendors
can provide services over the future time period that you will
be using the software (see Section 3.5.4).

The indicators of strength and longevity include the fol-
lowing variables:

l Sta ff size,

l Number of installations,
l Age of company,
l Financial stability-profitability/income,
l Diversity of products,
l Quality of support staff,
l Quantity and quality of staff training provided,
l Technical support policy, and
l Upgrading policy.

While the size of the staff is a measure of capacity to pro-
vide services, a large staff is not a necessary condition, and a
number of small paratransit software vendors have success-
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fully supported their software over many years. However,
firms dependent on the skills of a few founder/owners are
probably more risky than larger firms that have made the
transition to a professional, hired staff. (This topic is revis-
ited at the end of this section.)

The number of installations, or users of the software, is an
indication of strength and is also a measure of the likely level
of software improvements that will be made over time. Each
of their installations can be viewed as a source of ideas for
improving the software. Likewise, the age of a company is
an indication of staying power and future longevity, espe-
cially when it has a large number of installations.

Financial stability measured by profitabilty  or gross sales
is an indication of vendor strength and staying power. This
information may not be publicly available but can be re-
quested in proposals.

Staying power and strength are also indicated by diversity
of the products offered by vendors since companies with sev-
eral products have some insurance against changes in any
single market. Several companies offering paratransit soft-
ware also offer a variety of other transit-related software for
operations, planning, accounting, and the like. Some firms
offer software in totally unrelated application areas.

The quality of the support staff is important but may be
difficult to determine. You can request resumes of technical
support staff and evaluate their experience and their tenure
with the vendor. You may also ask other customers of the
vendors to comment on the quality of the training provided.

Training should be evaluated by the number of training
days offered, the number of your staff that will be trained,
whether the training will include time on your own system
after it is installed (your place or theirs), and the quality of
the instruction. Quality can best be judged by talking to other
users, or better, by sitting in on traming offered to other users.

Technical assistance should be judged by the amount that
is available for the cost and by the response time. Upgrades
are judged by the number of times they are issued and
their cost.

How do you determine the difference, and is there one,
between what the vendor promises and what will be deliv-
ered? You include what you can in the contract, of course,
but you also seek assurance of performance by evaluating
two sources of information. First is the experience of other
users, which we have discussed. Second, you ask the vendor
for its records of the performance of its software in actual
use, which it may maintain for its management purposes. Be
aware that it may not wish to share these records for legiti-
mate competitive reasons, and the information it does share
may be selected to be favorable to it.

Before we leave the topic of vendor evaluation, it should
be noted that our discussion is probably biased in favor of
well-established, large vendors with a large installed base of
packages. Clearly, if every purchaser applied these criteria,
no new vendors could enter the market and the dynamism in
competitive markets brought by innovative products and cre-

ative ideas would be lost. Since, historically, new single-
product firms have entered the market and have been suc-
cessful, some agencies will find it advantageous to not
require these indicators of strength of their vendor and will
opt for what they see as a product mat is better for them.
These agencies are those which can take a risk because they
are economically strong or they have appropriate in-house
skills. This is the classic choice between the large firm and
the small firm, with pros and cons on both sides. Selection
may be as much a matter of your business philosophy as it is
any other criteria. In summary, for most agencies this is not
a matter of concern; most should buy a proven product
because they do not have the staff and resources to support
software. Those who have considerable computer and soft-
ware skills on staff may wish to work with a smaller software
vendor for a number of reasons, one of which is getting a
package tailored to their needs. They are experienced enough
to know what they are doing. Most users should go with the
proven.

If you decide that the desired software package is offered
by a firm that has uncertain staying power, you should con-
sider other sources of support, in-house or from third-party
firms. Specifically this means that it is desirable to have
available to you the programming skills necessary to work on
the program code. In this case you should contract with the
vendor to provide you the fully documented “source code”
for the software you acquire. The source code is a listing of
computer instructions in a format that can be modified by
competent computer programmers. Usually, source code
should be made available in a standard, higher-level com-
puter language. The documentation should be sufficiently
detailed and complete, containing the descriptions necessary
so that a competent programmer can modify the code.

In addition to measures of strength and stability, the ven-
dor’s policies of support and upgrading should be identified
and compared to your needs during the evaluation of ven-
dors. These factors were discussed in Section 3.7.

6.2.6 Prepare the Request for Proposal (Task 5)

The request for proposal should be sufficiently complete
so that bidding vendors can prepare a thoughtful document
responding to your needs. RFPs consist of several parts as
indicated in Table 6.4. Samples of the scope of work from
actual RFPs are shown in Appendix 6-B.

The most important section of an RFP contains your soft-
ware specifications. These specifications were prepared when
you documented the list of your needs (Task 1) above and
were enhanced or improved based on the knowledge you
gained when examining actual software products and vendors
(Task 3). There may be an issue of proprietary secrecy in the
matter of the scheduling/dispatching function. If your staff is
knowledgeable about the approaches to performing schedul-
ing/dispatching, they might want to know how the vendors
solve the problem, that is, what algorithm is used. On the
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TABLE  6.4 Sample Outline of a Request for Proposal

ble of Contents

\CKGROUND
Introduction
Status of Purchaser
General Requirements
Summary of Proposal Process

scription of Purchaser’s System
Existing Services
Service Area
Organization
Current  Operations Control (manual or software used)

COPE OF WORK
Functional Requirements
Function-by-Function Requirements (including functional performance
specifications)
Hardware Requirements (if any not dictated by software requirements)
Overall System Software Performance Specifications
Process of Software Acceptance Testing

ther Requirements
Technical Support
Documentation
Training
Maintenance and Warranties
Compatibility Requirements
Bonds, Insurance, and the Like

Cost Information Formats

VENDOR CAPABILITY AND EXPERIENCE DESCRIPTION
Vendor Description, Experience, and Staff

ADMINISTRATION AND LEGAL

Vendor Selection Process
Selection Timetable
Proposal Format Required
Evaluation Methods and Criteria
Allowable Provider Personnel Contacts During Proposing

Provisions and Clauses
(Sample contract is best)

mandatory Forms and Documents (Include a checklist of documents required

other side, if the vendor believes that its procedure is a trade
secret, it may not want to reveal the actual procedure even if
the process has been published. Just letting competitors know
which algorithm a vendor uses may be more than it wishes to
reveal. If possible, focusing on actual performance measures
may be a means of resolving this conflict.

The rest of the RFP includes background information on
the agency, information on the administration and timing of
the procurement, the persons to be contacted, the means of
evaluating the proposals, and the terms to be included in the
final contract. The inclusion in the R F P  of the actual contract
terms that will be used is helpful.

Two types of bonds are used in procurement-proposal
and performance. The proposal bond is a guarantee that

requires a payment to you if the vendor selected fails to sign
a contract for the terms they included in their proposal. It is
used to ensure that proposals are serious ones. Proposal
bonds are not common partially because they may impose a
considerable hardship on vendors since they may be hard to
obtain. Generally, these bonds are not needed because if the
winning vendor does not follow through, a runner-up is usu-
ally available with a comparable offering. Performance
bonds are discussed in Section 6.2.9 on contracting, where
the competitive impact of bonds is discussed.

We recommend that when you begin to think about
procuring software, you note the announcements of RFPs in
Passenger Transport (see Table 6.3) and take advantage of
the experience of your peer providers just as you should for



49

evaluating vendors. Send for the RFPs and follow up with
calls to the agencies to understand their reasons for the inclu-
sions in their RFP. There is a wealth of knowledge to be
gained from those who have preceded you.

6.2.7 Notify the Vendors (Task 6)

At some point in the procurement process, you need to
notify vendors that you are going to conduct a procurement.
This communication may be done in one of the three ways
discussed below. These methods of acquisition require
essentially the same tasks, but in different orders depending
on the number of prospective vendors considered at various
stages. The most common method is to announce the pro-
posal publicly and issue it to all requesters. However, if you
have already identified a small set of preferred vendors that
you would like to invite to bid, you may target the request to
this list and not accept proposals from others. Finally, you
may feel that you know enough about vendors and their prod-
ucts to begin negotiation with a single preferred vendor. By
using any of these three methods, you are embarking on the
process of communication with vendors that will end with a
contract with one of them.

A few pros and cons of the alternative methods are dis-
cussed here, but you should refer to documents on procure-
ment for a comprehensive analysis of the procurement
options. One topic not covered here is the regulations
imposed on procurement if you are using federal funding.
You may also have your own preferences or dictates based
on the procurement experience and policies of your agency.
Nothing special about software procurement dictates that
you use one means of procurement over the others.

Broadcast the RFP. The RFP can be provided to any and
all firms that might be interested. This is usually done by
issuing public announcements in trade magazines, mailing to
whatever vendor mailing list your agency already has, or
using the list you developed in Task 2 above. Some agencies
are legally bound to use this means of procurement either by
their own rules or the regulations of third-party funding
sources, especially the federal government.

There are two drawbacks with this process of procure-
ment. You may receive responses from vendors whose soft-
ware is not competitive. The work of processing these non-
contenders is nonproductive. This is not such an important
consideration in the current DRT software market because
there are not that many vendors, and your specifications
themselves will cause self-screening among potential ven-
dors. Second, the vendors look with less favor on a broadcast
RFP because of the smaller odds of selection, which may
lead them to not compete as strongly as they would if they
were selected to be one of a few contenders. This probably
affects the small vendors more than the large ones but in any
event is not a serious drawback of broadcasting the RFP.

An option within the RFP process is to broadcast a draft of
your RFP, asking potential vendors to comment on the RFP
but not to present proposals yet. The purpose of issuing the
draft is to ensure that the RFP contains no fatal flaws and that
it is a reasonable request. Vendors may respond in a self-
serving fashion, attempting to influence the RFP to be more
favorable for them. However, it is likely that this process,
may suggest modifications that are desirable from your point
of view. This process may also be used as part of a prequal-
ification process (see next section). Moreover, written ques-
tions are usually accepted from vendors after the issuance of
an RFP, and written answers are prepared by the agency staff
and then distributed to all those who have requested an RFP.
This question-and-answer process could be merged with the
draft RFP process, with the answers to the questions incor-
porated into the final version of the RFP.

Target the RFP. A targeted RFP is sent to a selected list
of competing vendors that have been determined to be qual-
ified. Prequalification may be based on a written request for
qualifications sent to a list of vendors, or it may be based on
information collected from generally available information
and discussions with other users.

Reducing the list of vendors invited to submit a proposal
is an attempt to be efficient in the selection process by con-
serving both your time and effort and the effort expended by
potential vendors. There is no point in going through the
exercise with vendors who have no realistic chance of being
selected based on information gathered in Tasks 3 and 4.

The shortcoming of this approach is that a vendor who is
not prominent and could be overlooked may have just the
software package for your operation or, more likely, a ven-
dor who is willing to make an especially attractive offer for
marketing reasons may be passed over. However, if the
investigatory work of Tasks 3 and 4 is done well, this is a
small risk.

Negotiation. While negotiation may occur after a com-
petition based on the RFP process but before a contract is
signed, the term is used here to describe a procurement
process that does not require vendors to submit competitive
proposals. Rather, based on information obtained in Tasks 3
and 4, you identify the single vendor you believe has the best
product and can give you the best support, and you undertake
to negotiate a contract with it. The process of negotiation will
generate the terms and specifications that would otherwise
have come from a proposal.

Negotiating is based on a selection process that leads to the
identification of a single or a ranked list of potential vendors.
While you should document your specifications in prepara-
tion for negotiation as you would for a competitive bid, you
ask for a proposal from only one vendor either before, after,
or during face-to-face negotiations. If you cannot strike a sat-
isfactory arrangement during negotiations with the preferred
vendor, negotiations can be terminated and begun with the
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second-ranked vendor and so on. This process keeps com-
petitive pressure on the vendor during negotiation.

The total effort in vendor assessment probably does not vary
a great deal in any of the methods of procurement since due
diligence is always necessary. Negotiation may be a quicker
process because it eliminates the time lapsed to allow vendors
to prepare the proposals and time required to schedule and
hold oral presentations and evaluate different proposals.

6.2.8 Evaluate the Proposals and Select the
Final Vendor (Task 7)

Agencies use a wide variety of evaluation methods and
processes; some are simple and others complex. Any frame-
work that allows the systematic comparison of alternative
packages and capabilities of competing vendors is recom-
mended, whether it includes an attempt at quantitative scor-
ing or not. In the final analysis, the selection is a somewhat
subjective process that includes assessments of difficult-to-
quantify factors, such as vendor responsiveness and the per-
sonality of the vendors’ support persons.

Often panels of “objective” persons conduct the evalua-
tion and make recommendations to whatever policy board
has the final authority to commit the agency. Generally these
procedures violate the management principle that the person
who will be responsible for performance of the software
should have the authority to select the vendor. Typically,
public or quasi-public agencies subordinate this management
principle to prevent favoritism or fraud in the procurement.
However, it seems more sensible to use a panel of staff per-
sons that will be involved in using the software rather than a
so-called “objective” panel of persons who have no respon-
sibility for the operation of the software.

Often specific criteria are used to evaluate vendors’ pro-
posals. These criteria should be determined early in the
process, probably in Task 1 when needs are defined. A sam-
ple of criteria is shown in Table 6.5.

TABLE  6.5 Proposal Evaluation Criteria

The evaluation of the vendors includes more than just an
evaluation of their proposals. Three other important factors
that should be included are references from other users, per-
formance measures, and user-friendliness (ease of software
use). References are obtained by calling other users as has
been emphasized elsewhere in the Handbook. Performance
measures and user-friendliness are determined by actually
using the software. Performance measures are quantitative
and can either be specified as required levels (minimum or
maximum) or merely ask for the actual performance num-
bers. Performance requirements or measures may be applied
to individual DRT functions or to the overall system perfor-
mance. An example of system-level performance require-
ments is shown in Table 6.6.

Formal scoring processes are commonly used in the eval-
uation. This approach requires the panel members to assign
quantitative scores to the evaluation criteria, which are sum-
marized to identify a rank for proposing vendors. There are
many ways of summarizing the scores. Some procedures will
assign a weighting of the criteria to reflect importance before
summing scores. If this process is used, the panel should be
wary of a shortcoming. Focusing on the scoring of individ-
ual criteria sometimes obscures the overall assessment-that
is, the failure to see the forest for the trees.

Sometimes agencies will require that vendors appear
before a panel to provide an oral presentation of their propos-
als and capabilities. This is a useful process for assessings the
people with whom you will actually work. The same result
can be achieved by less structured interviews and site visits.

It is possible that the proposal will raise technical ques-
tions which your staff is not appropriately trained to answer.
You should determine beforehand how you will handle these
issues so that the process is not delayed while you seek
answers. Possible sources of help are other users, consul-
tants, or members of your community who have appropriate
training. Not-for-profit agencies often seek to bring techni-
cally trained persons on their boards of directors for this kind
of help.

1.  Compatibility with other software used by the purchaser.

2.  Adequacy and effectiveness  of the applications software in response to the requirements
specified.

3.  Compatibility of implementation schedule.

4.  Qualifications and experience of the firm.

5.  Capabilities and experience of vendor personnel

6. Proposed costs.

7.  Quantity of support-training, technical assistance, and upgrades (may be combined in the
cost analysis).

8.   Consistency with other policies of the purchaser, e.g., location of firm, minority business
goals, company citizenship, etc
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TABLE  6.6 Example of System Performance Requirements

Search and confimation of each trip availability for any date shall be available with a
maximum response time of 5 seconds for up to 10 active workstations.

Capacity to handle over 15,000 clients without any appreciable degradation of overall
system performance.

Ability to schedule 11,000 daily trips

Ability to schedule in batch 3,000 trips in one hour.

-from Western Reserve Transit Authority RFP, Youngstown, OH, October 1994

6.2.9 Write the Contract (Task 8)

The preparation of a written contract, which you should of
course use, is the function of whatever procedure you usually
use to prepare legal documents. The contract is the legally
binding description of both the services and the capabilities of
the software that you are acquiring so it should be complete.
It should include the payment schedules, the features and per-
formance of the software, the support from the vendor firm,
the schedule for installation and naming, and penalties for
nonperformance. Usually both the requests for proposals and
the vendor’s proposal are incorporated into the contract.

Do not pay the contractor until all tasks required to be finished
under each scheduled payment have been completed. Require
the contractor’s written verification that all necessary tasks
have been completed at each payment step.

-Brad Christian, Assistant  Transit Manager,
Stanislaus County Transit (7)

Several means of enforcing the contract can be built into
the contract terms. All or partial payments can be withheld
until the installation is accepted. An example of a fairly tough
payment schedule is shown in Table 4.7. Another approach is
to require a performance bond, which ensures repayment by
the bonding company of the contract amount if performance
does not meet specifications. Both bond requirements and
withholdings increase the cost to the vendor, which it will
pass on to you if it can. Both may also limit the competition
for your contract by ruling out small firms, either because they
cannot carry a long-term account receivable or they are
unable to purchase a bond. You may consider the competitive
impact to be either positive or negative, as a vendor’s ability
to meet these terms is a sign of strength, but by ruling out
smaller firms, you limit the options available to you.

Specific daily penalties for poor or late performance can
also be built into the contract. A penalty clause requires that
each task should have a specific completion date which is
changed only by mutual consent and for a valid reason.

Most importantly, the contract must explicitly, compre-
hensibly, and unambiguously the define the responsibilities of
you and the vendor. Such a document should include all tasks,
tests, reports, meetings, schedules, deadlines, performance
criteria, time on site by individuals with specific skills, etc.

In closing, it should be observed that when both parties
have experience with and confidence in each other, casual
contractual agreements can work just fine. If you choose that
path, you should do so with full awareness that you are tak-
ing a risk. Contracts are usually not needed when things go
well. Contracts are needed to prevent the worst when things
go badly. Vendors can change in midstream due to many fac-
tors, among which are business or financial troubles, changes
in management, or changes in ownership. Protect yourself,
your organization, and your patrons.

6.3 IMPLEMENTATION ISSUES

6.3.1 impact of Computerization

Anticipation of the impacts of the use of computerized pro-
cedures is useful so that you can take the steps that might over-
come possible problems or take advantage of positive possi-
bilities. These impacts were described in Section 5.2. For
example, the survey results suggest that while you will not
have to increase or decrease your staff size, the skills of your
staff may have to be increased. Therefore, you will have to
undertake staff training and upgrade your job descriptions.
Increases in productivity are also likely. This means that you
will be able to either reduce your fleet size or increase the rides
available. In either case, you should prepare for these changes.

8.3.2 Implementation Tasks and Advice

Implementation of high-end software packages takes time;
vendors suggest that it takes at least 6 weeks and may take
up to 6 months. Before the reasons that this time is needed
are discussed, it is important to recognize that during this
period you will not be able to depend on the new system to
operate your service. Therefore, you will need to find the
resources necessary to install the new system at the same
time as you operate service with your current methods. It is
also advisable to operate both the old and new systems for a
period after the new system is fully operational. The reason
for this is that glitches may arise in the new system due to
new situations that were not tested during the installation
testing. It is not possible to test all situations in a finite time.
The alternative is to be able to bring up the old system
quickly while the new system is fixed.
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TABLE  6.7 Example of a Payment Schedule

Task Milestone

Complete initial installation and Installation
customization. Convert existing
data. Operate 60 days without
incident. Continue to debug and
fine tune as needed.

Payment

8 0 %

Operate 90 additional days
without incident.

Conditional Acceptance 10%

Operate 180 additional days
without lost data, corrupted
records, system downtime due to
software  failure. Improve
productivity to approach - if not
exceed - 3.5 passengerhour
and reduce vehicle
requirements.

Acceptance 1 0 %

The first task is to get the new software, and computers if
they are new, set up and operating. This just determines that
everything turns on and that the software runs through what-
ever test the vendor performs, but it doesn’t mean that it
works with your data. Usually, this is the task of the vendor.
In cases where the software vendor and the hardware vendor
are different, there is the issue of coordination at this point.
If you obtain the software and hardware from the same ven-
dor, the vendor may do this testing at its own facility.

Transferring the data from your existing system into the
new system is a task that is on the project critical path The
information needed to be transferred includes the customer
database, the road network, and the description of the vehicle
fleet. If your previous system was computerized, this might be
a straightforward task of machine-to-machine transfer. How-
ever, if the data in the previous system are not in standard data
formats, that which essentially all modem software uses, this
may be a more time-consuming task. Transferring a manual
database to a computerized system requires manual data input,
which can be time consummg, costly, and mistake prone.

The longest task may be setting the parameters that
describe your streets, vehicles, traffic, and other local condi-
tions to the new software. Two examples of parameter set-
ting commonly cause difficulties. Setting of the average
vehicle speeds on different road links and under different
conditions of traffic or weather is a sometimes difficult task
that may require a trial-and-error process during actual
scheduling/dispatching. The second sometimes troublesome
task is to obtain an accurate street map or coordinate system
describing your service area. Developing a map from scratch
is a time-consuming and tedious task. Our advice is to make
the vendor responsible for the map. A poor map will lead to
operating problems that could also be caused by software
shortcomings. Rather than have disputes over the cause of

problems, make the software vendor take responsibility for
everything. This may not be a satisfactory piece of advice if
you already have a computerized map that was prepared at
great expense so that you want to use it. In this case, you
might try to use it, but be aware of the pitfall.

The last task is to train your staff on the new system at your
site. Even before the formal training starts, you should begin
to orient your staff to the changes. A useful way to do this
may be to ask the vendor to provide videotapes of the system
in use at other sites as probably it is not economical to take
your entire staff to those sites. Training at an off-site location
may have been done before the system is on your site, but on-
site training is desirable. Training probably is not on the crit-
ical path and can be done while you are setting the system
parameters.

Consider providing staff incentives for active participation
in training. Talented scheduler/dispatchers may be reluctant
to change because they are rightfully proud of the job they do
and they may not believe a computer can help. You do not
want to lose these people as their skills are still important.
You need to convince them of this fact.

The contractor should assign a specific project manager
responsible for implementation and he or she should be the
exclusive point of contact for you (unless the project man-
ager fails to perform, at which time you would contact the
vendor management). If you can know who this person is
to be when you are evaluating proposals, his or her quality
can be considered in the selection. At the beginning of the
implementation, you should go over the RFP, the proposal,
and the contract with the project manager to be assured that
everything that is required of the vendor is understood. It
is suggested that the project manager contractually be ob-
ligated to respond to problems in a fixed time period, say
24 hours.
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Vendor

Trapeze
Software Inc.

Trimble
Navigation

Software Provider Provider
Name Contact
Trapeze QV Sun Metro James W.

Peterson
MCT/ACT Lisa

Underwood
Orange County Mark
Transportation Maloney
VIA Metropolitan Leonard
Transit (will have Zych
AVL)
Housatonic Area Lewis May
Regional Transit
District (HART)@

A VL Equipment

APPENDIX 6-B: SAMPLE RFPS

Two examples of Requests for Proposals (RFPs)  are con-
tained in this appendix as models for preparing software
specifications-Everett Transit in Everett, Washington, and
Capital Metropolitan Transportation in Austin, Texas.

CAPITAL METROPOLITAN TRANSPORTATION
AUTHORITY

2910 East Fifth Street
Austin, Texas 78702
Tel: 512/3 89-7496
Fax: 512/389-7452

Software Requirements

A Integrated scheduling/dispatching/registration/
cancellation

1. Schedule trips on-line with the ability to manually
adjust a schedule as needed. The on-line scheduling
capability must be integrated with dispatch, reserva-
tions, and cancellation.

2. Provide ride confirmation while the passenger is on
the line. The system will have the capability to limit
specific users to only auto route, with password over-
ride capability.

3. Capable of batch scheduling to optimize end-of-the-
day on-line scheduling. In this rescheduling process,
any trips previously assigned would not be removed
from the schedule, and any time change would be
within the limits of the original trip request.

4. Capable of batch scheduling to build “What if” sce-
narios.

5. The on-line scheduling and the batch scheduling algo-
rithms should route and schedule the trips with the fol-
lowing parameters:

ADA requirements; pickup time; origin and des-
tination of each trip, open wmdow time; dead head
time; type of reservation (subscription, demand-
response . . . );; shared-ride nature of the service;
type of day (service hours); passenger disabilities;

passenger needs (attendant, escort, dog guide);
couple, group traveling together; time loading
range (wheelchair, ambulatory, single passenger,
group . . .); type of vehicle (space available in each
vehicle); address restriction (i.e., only a sedan
can reach some locations). The system manager
should be able to modify the weight of the different
parameters.

6. Be able to perform trip booking for subscription,
demand-responsive, same-day trips, and be able to
handle round trips, one-way-trips and multi-leg trips.

7. Display on the screen, vehicle assignments showing
pick-ups and drop-offs for each vehicle in the order to
be carried out.

8. Implement new ADA regulations. To include but
not be limited to accommodating reservations up to
14 days in advance, 5 PM cut off for next day reser-
vation, and subscription trips during any given
time of the day shall be less than or equal to 50% of
total scheduled trips. The system should be able to
flag clients living within a 3/4-mile fixed-route cor-
ridor.

9. Determine optimal routes to reduce in-vehicle travel
time, to reduce vehicle mileage, and to minimize dead
head time.

10. Provide on-line, fixed-route alternate service infor-
mation and route alignment of all nearby fixed-route
service to the reservation clerk. The software shall be
able to import data from the Trapeze software.

11. Propose available or alternate travel service if a trip
cannot be accommodated within the specified time
range. If these alternatives are unacceptable, the
request made on the same day can be logged on a
standby list.

12. Automate the same day passenger standby list and the
open return trips. The system shall have the capabil-
ity to automatically check unscheduled trips as can-
cellations are made and alert the dispatcher if one or
more of those trips can be accommodated. The system
should enable manual adjustment of schedules.

13. Optimize scheduling of subscription trips prior to the
day of operation and place on hold subscription for
certain periods of time (i.e., vacation).



14. Eliminate passenger scheduling inefficiencies, such
as double booking and incorrect entries. Display a
pop-up window of all reserved trips for a client on the
service date of the current trip at the completion of
each reservation.

15.

16.

17.

18.

19.

20.

21

Provide the necessary dispatching tools for making
daily operational decisions, such as dealing with open
returns, same day standby trips, canceled trips, no-
shows, late clients, or vehicle breakdown. The dis-
patch screen will be color coded so that cancellations
and insertions occurring within the hour will be dis-
played as red and/or flashing.
Be able to perform “What If” scenarios for schedule
modifications without affecting an existing schedule.
Improve response efficiency to “Where’s my ride?’
calls, driver location checks, and dispatcher responses
to delayed passengers’ questions.
Be able to duplicate a travel request between the same
origin and destination on different days or at different
times. Provide simplified reservation duplication for
couples and groups traveling together. The duplica-
tion should include only relevant information for the
new trip.
Provide carry-over of origin and destmation addresses
for linked trips, and provide the capability to flip the
home origin and destination addresses.
Provide displays of all reservations by an individual
passenger so that individual and/or collective cancel-
lations can be easily made. The inquiry display will be
able to be sorted by name, time, run number, origin
address, or destination address.
Provide internal data check to avoid sending a vehicle
that does not meet the needs of the passenger’s dis-
ability.

B Client registration and reporting/billing
22. Register passenger special needs clearly.
23. Track requested trips not accommodated.
24. View all the trips for an individual customer

(monthly, weekly, daily).
25. Display passenger’s eligibility on screen with capa-

bility of alerting the clerk of eligibility suspensions.
Manual override capability of this function is neces-
sary.

26. Direct outputs to different printers. For example, can-
cellations to the dispatcher’s printer, run sheets to
either scheduler’s or dispatcher’s printer. This func-
tion should be controlled by the system manager.

27. Develop a run sheet that lists the addresses of cus-
tomers based on run by ordered pickup and drop-off
time in the order to be carried out. Run sheet will also
list the map page and coordinate of each pickup and
drop-off.

28. Provide speed keying features for call-taking process.
29. Enable the use of “hot” keys to provide a list of val-

ues for field entries to speed data entry, such as recall-
ing data that has been entered previously.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.
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Automatically check inconsistent data entries, such as
negative mileage.
Provide passenger reservation log field to track the
time of customer’s first trip request for passengers that
require original requested time (ADA). If the passen-
ger’s trip is more than 1 hour from the requested time,
the system will prompt the reservation agent to enter
whether or not the passenger was satisfied with the
time provided.
Provide on-line help to control screen keys and to
explain which action is expected from the user.
Provide comments lines as necessary for specific
fields. For example, a field to note the “special needs”
of certain clients and the automatic transfer of this
information to run sheets.
Provide an ADA-eligibility field as well as a field
indicating the desire or requirement of an aide or
escort.
Enable queries to be performed on all fields with the
ability to give specific selection criteria ranges and
sorting options.
Provide availability of professional quality and cus-
tomized report formats to the staff without consultant
assistance. For example, a report on the percentage of
scheduled subscription trips versus demand response
by time period for a selected range of dates shall be an
easy report to generate, review, and edit on the screen
and to print.
Be able to report year-to-date, month-to-date, and
weekly.
Generate reports that track and bill clients’ sponsors.
Report trip information (first requested time, trip
inside or outside ADA boundaries, unmet de-
mands).
Generate reports that track and report trip modifica-
tions and the nature, time and source of the modifica-
tions.
Generate reports that track STS performance and
productivity for a variety of user-specified mea-
sures.
Enable the production of labels, custom letters and,
mailing for no-shows and excessive cancellations.
Enable easy-to-implement and user-friendly mainte-
nance of modifications to the codes file (disability
code, sponsor code, etc.).

C Geographical Information Systems (GIS)
44. Display on the screen the STS service area street

maps.
45. Locate client and/or commonly used location on a

street map.
46. Display vehicle itineraries (actual traveling path).
47. Calculate and display distances between locations

(pickup-to-pickup, pickup-to-destination).
48. Be able to receive periodic GIS data updates from

Atlas GIS.
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D Operating environment
49. Be accessible from work stations located at multiple

sites and by multiple users.
50. Possess security features that enable selective access

to data (add, modify, delete, inquire, . . .); this access
should be available on an individual or group level.

51. Be capable of archiving and retrieving data from the
new system without leaving the system or shutting it
down.

52. Enable easy transfer of existing databases, client files,
table codes, and addresses to the new system.

53. Provide, at no additional charge, software escrow
agreement for the computer software source code to
protect CMTA operation if anything should happen to
On-Line Data Products, Inc.

System Performance Requirements

54. The system should be designed for 24 hour per day,
7 days a week operation.

55. Search and confirmation of each trip availability for
any date shall be available with a maximum average
response time of 10 to 45 seconds for up to 30 active
workstations.

56. Capacity to handle over 12,000 clients without any
appreciable degradation of overall system perfor-
mance.

57. Ability to process over 4,000 trip requests per day.
58. Ability to cover a 500-square  mile service area.
59. Ability to schedule in batch 3,000 trips in one hour.

Hardware Requirements

60-61. Nota bene: Hardware requirements listed in the
RFP have been intentionally omitted here because
they were excessively lengthy.

Other requirements

62. Provide the necessary hardware and install on-site the
software with the network operating system necessary
to connect all the workstations. CMTA will be respon-
sible for the installation of all the workstations and
will provide the cabling and the necessary peripheral
equipment.

63. Be responsible for the transfer of all existing infor-
mation to the new system, for CMTA’s service area
mapping and for the address matching verification.

64. Perform on-site testing during and after complete
mstallation, provide CMTA with test reports. The test
reports shall contain the description of all tests per-
formed, the results obtained, and any required modifi-
cations necessary as a result of testing and installation.

65. Provide software warranty and hardware warranty
(full parts and labor on all equipment) for one year
starting at the acceptance of the installation at no addi-
tional cost.

66. Provide hardware and software user manuals for each
workstation.

67. Provide 24-hour customer support for no less than
one year from the date of acceptance at no additional
cost.

68. Provide on-site maintenance for no less than one year
from the date of acceptance at no additional cost.

69. Provide CMTA staff training at Capital Metro. The
vendor should organize the training to match Special
Transit Services shifts schedule. The vendor will pro-
vide training in all aspects of the program that
employees will be required to use; levels of training
should include programmers and technical support
staff, staff who will be entering and updating program
information and performing system management, and
end users. The vendor will provide CMTA’s
appointed personnel with the necessary training to
support and maintain all hardware and software
related to the installation.

70. Provide a full illustration of the database structure and
report generation capabilities.

71. Customize all input screens (content and format) and
reports according to STS’ needs. During the imple-
mentation period STS’ system administrator will on-
site define the customizations needed with an autho-
rized representative of the vendor.

72. Provide contingency plans (disaster/recovery plan-
ning).

73. Complete the system implementation within 120
working days after notice to proceed.

74. Ability while giving taxi voucher reservation to get
information on the passenger disability, the passenger
needs, the distance of the trip.

75. Provide a method to enter landmark or “shorthand”
names for locations. When the reservation clerk enters
the landmark, the system shall provide the replace-
ment information.

76. Indicate to the reservation clerks-at the time of the
reservation-and to the dispatchers the designated
pickup location (i.e., Main building with several
access points).

77. Ability to produce run sheets with abbreviated driving
instructions.

78. Display multiple windows or access different infor-
mation and data screens without losing order data.

79. Provide policy help screens that enable the reser-
vations clerk to access policy and procedures data-
base.

80. Ability to schedule on-going trips: passenger needs to
make short stops-from 10 to 15  minutes-at the
drugstore or at the bank, for example.

81. Ability of the software to communicate with Mobile
Data Terminals.

82. Ability of the software to communicate with Auto-
matic Vehicle Locator.

83. Ability of the software to communicate with Card
Reader device.
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EVERETT TRANSIT SYSTEM
3225 Cedar Street
Everett, Washington 98201
Tel: 206/259-8803
Fax: 206/259-8945

SECTION 2.0 SCOPE OF WORK

2.01 INTRODUCTION

Everett Transit provides demand-responsive, non-fixed
route paratransit services to elderly and disabled riders
within Everett Transit’s fixed-route service area. The pur-
pose of this service is to meet the specialized transportation
needs of the elderly and disabled community within the City
of Everett and comply with the requirements of the Ameri-
cans with Disabilities Act (ADA).

2.02 DESCRIPTION OF PRODUCT

The required product is a computer hardware and software
package which  enable Everett Transit to schedule and
dispatch its specialized transportation service with the high-
est degree of efficiency possible in light of the continuous
growth in demand for these services. The product must also
ensure compliance with the ADA in making available these
services to those eligible under the law.

The proposer must satisfactorily demonstrate that the pro-
posed product is currently fully operational at other locations
under similar conditions to those expected at Everett Transit,
which include but are not limited to size of service area, num-
ber of clientele, number of trips taken, number of service
hours operated, number of fixed routes operated in the service
area, geographical features of the service area, and traffic con-
ditions within the service area. The product must have been
in operation at these other locations for a sufficient length of
time to be determined a dependable software system.

2.03 BACKGROUND

Everett Transit currently provides approximately 3700
trips per month with 11 body-on-chassis type mini-buses.
This figure is up from 3400 trips per month during 1992 and
is expected to grow to 4100 trips per month and 13 vehicles
by 1997. Service is operated seven days per week.

All functions of operations are performed in-house. Of
particular interest to this request for proposals are the func-
tions of scheduling, dispatching, client registration, reserva-
tions, and reporting. Client registration/database information
is currently maintained in Ashton-Tate dBase IV.

2.04 CONTRACT PERFORMANCE
STANDARDS-SYSTEM FEATURES AND
C AP ABILITIE S

A. The system must be able to perform scheduling and
dispatching functions without limits on the number of vehi-
cles, passengers or size of the service area.

B. The system must assist the user in complying with the
requirements of the Americans with Disabilities Act (ADA).

C. The system must have the ability to perform routing in
a “next day mode” as well as “same day mode” and allow the
user to schedule trip assignments or request computer assis-
tance.

When operating in “next day mode” the scheduling person
must have the ability to automatically assign pre-scheduled
or standing ride requests to a specific vehicle or route by hav-
ing the system or the user make the assignment. As these
requests are scheduled, the system must be able to identify
where vehicles have extra time and are in a position to accept
trip insertions in the existing route schedule. The system
must be able to operate in “next day mode” up to 14 days in
advance of the date the trip is reserved and confirm ride avail-
ability at the time the ride request is made.

The system must be able to identify client elegibility status
and determine options to transfer capable riders between
paratransit vehicles and/or fixed route vehicles/schedules.
The system should know both routes and schedule times for
fixed route service and cue the user that a transfer option is
possible, allowing the user to determine if the passenger is to
be transferred or routed by paratransit vehicle only. The sys-
tem should be able to identify options for combined routing
involving both paratransit and fixed route vehicles. If needed,
the system should identify whether or not the fixed route bus
is wheelchair lift equipped.

The system should be able to identify trips  that do not nat-
urally fit with the existing work structure and when increased
efficiencies could be gained by removing them from the sys-
tem for transport by other means such as taxis, etc. The user
must be able to override the system and reinsert the trips.

When operating in “same day mode” the system must have
the ability to schedule trip requests as they are received or
allow the user to make trip assignments to vehicles. The user
must be able to see both pick-up and drop-off locations on
the map where routes have extra time and are in the same
geographical location in order to insert trips into existing
routes. The map must have a fixed route overlay with zoom
capability. The map should have a Thomas Brothers or
equivalent coordinate overlay with coordinates listed on dri-
ver manifests to assist in locating addresses quickly.

When route interruptions occur (cancellations, road fail-
ures, etc.) the system must recalculate each route to deter-
mine new pick-up and drop times for each trip affected and
cue the user where changes will result in vehicles arriving
late for an appointment, later than requested arrival, or out-
side the pick-up window.

D. The system must be fully menu-driven and provide a
“help” display for each menu item and each function within
the system.

E. The system must accommodate “subscription service”
(i.e., trips taken by the same client with the same origin and
destination one or more times a week on the same day or days
of the week). The system should alert the user when the num-
ber of “subscription trips” reaches 50% of total service and
identify if excess capacity exists within the system at that
time. When a subscription is canceled, the system must scan
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for trips already posted up to 14 days in advance to prompt
the user for determination in canceling those trips.

F. The system must utilize city-maintained and updated
GIS file computer mapping for geocoding. Vendor should
identify how it proposes that geocoding takes place.

G. The system must be able to interface with the follow-
ing systems in the region for purposes of client file informa-
tion and data sharing:

Seattle Metro
Pierce Transit
Intercity Transit J
Kitsap Transit
Community Transit

All of the above agencies are using the Pass System by On-
Line Data Products.

H. The system must be able to identify customer within ten
categories with room for additional categories for expansion.
When necessary the system must cue the user if the requested
ride exceeds available service in terms of service hour span,
days of service availability, or number of trips/service hours
within a specified time period for that category.

CATEGORIES

IA.

IC..

ID.

IIA.

IIB.

FULL ADA CERTIFIED RESIDENT: Unable to
use fixed route, even if route is accessible. Resides
within service area.

IC. FULL ADA CERTIFIED NON-RESIDENT:
Unable to use fixed route, even if route is accessi-
ble. Does not reside in service area.
SENIOR CITIZEN RESIDENT: Over the age of
61 and resides within service area.
SENIOR CITIZEN NON-RESIDENT: Over the
age of 61 and does not reside in service area.
CONDITIONAL ADA CERTIFIED RESIDENT:
Able to get to and use fixed route accessible bus,
but route is not lift equipped. Resides within
service area.
CONDITIONAL ADA CERTIFIED NON-RESI-
DENT: Able to get to and use fixed route accessi-
ble bus, but route IS not lift equipped. Does not
reside within service area.

IIIA. CONDITIONAL ADA CERTIFIED RESIDENT:
Able to ride fixed route (non-accessible buses) but
unable to get to it. Resides within service area.

IIIB . CONDITIONAL ADA CERTIFIED NON-RES-
IDENT: Able to ride fixed route (non-accessible
buses) but unable to get to it. Does not reside
within service area.

IIIC. CONDITIONAL ADA CERTIFIED RESIDENT:
Able to ride fixed route (accessible buses only) but
is unable to get to it. Resides within service area.

IIID. CONDITIONAL ADA CERTIFIED NON-RES-
IDENT: Able to ride fixed route (accessible buses
only) but is unable to get to it. Does not reside
within service area.

I. The system must record service suspension data and
cue the user when a customer is in a service suspension sta-
tus, or when the entry of service data constitutes a total num-
ber of offenses requiring consideration for service suspen-
sion.

J. The system must provide fields for two customer
addresses: one mailing address and one street service ad-
dress, both of which must interface with Everett’s ARC/
INFO database structure.

K. The system must recognize common origins/
destinations by name designation cross-referenced with
actual addresses. The system must also provide information
on request, listing the 5 most frequently traveled to destina-
tions for each client during the previous 30 days. When
clients request transportation to destinations that they are
capable of getting to by fixed route, the system must cue the
user that the client can access fixed route for that trip. When
letter designation codes are used, the pop-up window and dri-
ver’s trip report must show the name of the facility and the
street address.

L. The user must be able to define and adjust parameters
within which reservations and scheduling functions occur,
to include vehicle seating configuration, length of trips
(minutes), number of subscription trips at a given point in
time, specific days of the week that service is available, ser-
vice hour parameters and the number of service hours or
trips allocated to clientele in one of the categories referred
to in paragraph H above. These parameters must be checked
by the system as users schedule trips throughout the day.
When a parameter is exceeded through the manual sched-
uling process, the operator must automatically be alerted
and asked if override is desired prior to continuing the
process.

M. The system must be accessible by remote terminal
from other Everett Transit designated terminals and facil-
ities.

2.05 FUNCTIONAL REQUIREMENTS

Passenger Registration: The system must provide for a
customer database that will verify the client’s eligibility
when entering the customer’s name or number code. In
some cases only a partial name will be entered and the sys-
tem must provide help in locating the correct client. The
system must transfer as much data as possible from
the client file to the call file each time the user accesses the
system. Statistical data about the customer must be dis-
played on the screen at call entry time as well as defaults
(i.e., pick-up address, telephone number, equipment needs,
eligibility status, number of no shows, etc.). The database
must allow the user to add and maintain other fields in the
database.

Customer registration requires the following information:

1. Client identification number
2. Client name: Last, First, Middle Initial
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3. Home address:
Name of apartment building or complex
Door or apartment number
Street
City
ZIP code

4. Mailing Address:
Name of apartment building or complex
Door or apartment number
Street
City
ZIP code

5. Telephone number (including area code):
Home
Work or extension number

6. Date of Birth
7. Sex:

Male/Female
8. Eligibility status (permanent or temporary):

Eligibility code
Eligibility renewal date

9. Caregiver or emergency contact:
Name
Name of apartment building or complex
Door number
Street
City
ZIP code
Relationship to client

10. Disability type (permanent or temporary):
Visual
Hearing
Speech
Development
Mental
Neurological

11. Special handling requirements (driver or vehicle):
Comment field with special instructions

12. Mobility Requirements:
Wheelchair
Manual
Motorized (4 wheel/3  wheel/oversized)
Special features (additional loading time, etc.)
Wheelchair control (good, jerky, needs assistance)
Personal care attendant
Service animal
Requires standing lift
Walker
Cane
Braces
Prosthesis
Crutches
Oxygen
Other

13. Service Needs:
Curb to curb
Don’t leave alone

Visually assured entry
Door to door
Other

14. Communications preference:
Language
Lip read
Written
Braille
Audio tape

15. Registration information:
Date application received
Date information was sent to doctor for verifi-
cation
Date information was returned
Registration date
Doctor’s name
Doctor’s address
Doctor’s telephone number
Doctor’s fax number
How senior citizen age verified

16. Subscription service:
Pick-up address
Pick-up time
Day(s) of week
Destination address
Destination appointment or arrival time
Return pick-up time
Return destination arrival time
Comments

17. Suspension data (total over a specified period of
time):

Number of late cancellations
Number of no shows
Number of verbal or physical abuse complaints
Number of latenesses (not ready)
Number of other

18. Fixed route accessible destinations:
Destinations that client can travel by fixed route to

19. Frequent customer destinations (previous 30 days):
List of 5 most frequently traveled-to destinations by
client

2.06 RESERVATIONS

Digital Map: The user must be able to find the address
location of a trip request quickly, and automatically place the
location on the map. The map must contain street segments
with names and address ranges for each segment and identify
road and water boundaries, area zones, fixed routes, and
Thomas Brothers or equivalent map coordinates. The system
must check pick-up and drop-off locations upon entry to
determine zone allocation of service days and hours. The
user must be prompted when entering trips outside specified
limits and must be able to override the boundary or service
hour warning if desired.

The system must allow both import and export of ASCII
data files. In addition to the transfer of ASCII data, the sys-
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tern must include the capability to import and export graphic
data in two ways:

1. Explain and illustrate interface with AUTO CAD,
Everett ARC/INFO GIS database structure or other
mapping/GIS programs. Must be possible to show the
layout of a shopping center on a comer, an apartment
complex, etc. There must be a “zoom” feature that,
when turned on, will allow the zoom level to show the
shopping center but will “appear” only when zoomed
in, for example.

2. Any map display must be exportable in the form of a
CGF file and imbedded in, for example, a Word for
Windows document as a figure.

2.07 CALL ENTRY

As a trip request is received, the user must be able to enter
the client name or number on the screen and have the system
automatically fill in the following information:

l Verification of registration and suspension status.
l List of all other trips scheduled by client for the same

day.
l First and last name (system to complete if last name is

entered).
l If more than one client of same name, system to display

options.
l Telephone number.
l Eligibility status.
l Caregiver or emergency contact.
l Disability type.
l Special handling notes.
l Mobility requirements.
l Service needs.
l Communication preference.
l Client history (number of rides, no shows, trip demals,

etc.).
l Pick-up address (including apartment or building name

and number). (If different from normal, the user must be
able to change the pick-up address on a trip-by-trip basis.)

The system must provide pop-up windows for the user to
input the following information:

Name
Trip date
Pick-up time
Pick-up location
Appointment time
Destination address (system must prompt if client can

use fixed)
Return time
Number of guests
Personal care attendant

Once dispatched, the system must automatically reverse
the direction and show the destination address as the pick-up
on the return trip.

The system must prompt the user when canceling an orig-
inating trip to determine if the return portion of the trip also
needs to be canceled.

The system must provide default shields to minimize key
strokes and must maintain an “abbreviations” file containing
user-defined abbreviated names for common pick-up and
drop-off locations. When an unknown or misspelled street
name, etc., is entered, the system must display a hst of close
matches. When the user selects an entry from this “pop-up
window” list, the data entered must be corrected by the sys-
tem automatically.

System operating speed should be no more than five (5)
seconds to access a file or execute a command. The total
length of time required to input and schedule the ride on a
vehicle should average no more than 2 minutes.

2.08 TIME CALCULATIONS

Calculation features must include: An average speed of
travel that can be user-adjusted by time of day, driver and
routing used.

Computation of distances between points, taking into con-
sideration the shape of the service area, road, bridge and
water boundaries and other barriers to straight line calcula-
tions of distance.

Allowances for each vehicle to have a user input multipli-
cation factor for speed (faster drivers, vehicles that make
longer routes and thus travel faster, etc.).

An accurate estimated time for travel to indicate arrival
time and drop-off time to ensure on-time performance, tak-
ing into consideration water, bridges and other barriers.

Ability for the user to set or change parameters to indicate
a pick-up and drop-off window. The user must be prompted
when vehicles will be outside the window.

Additional time assigned for certain equipment necessary
(i.e., wheelchairs, etc.). This must be user-defined and auto-
matically assigned.

2.09 SCHEDULING

The system must allow trip reservation calls to be
processed from the current day, up to 14 days in advance and
maintain a database of standing orders (subscription trips). It
must allow the user to add, delete and change information in
the database. The database must indicate whether the stand-
ing order is for every day of the week or specific days. In
“next day mode,” the user must be able to choose when to
build a route file from 1 to 14 days in advance by building
routes with standing orders and inserting non-standing trips
as they are requested.



63

When trip requests are entered into the reservation system
and verified, the system must identify the origin and destina-
tion locations on the digital map and allow the user three
options:

1. Computer schedule now
2. User schedule now
3. Computer schedule later

Computer Schedule Now: The system must assign the trip
request to the best vehicle that satisfies the requirements of
the reservation, taking into consideration all previously
scheduled trips and standing orders for the requested date.

User Schedule Now: Must allow the user to view all routes
graphically and select the vehicle on which to assign the trip
request. The display must show all routes built from previ-
ously scheduled trips and standing orders.

Computer Schedule Later: The computer must position the
trip request on the map as an unassigned origin and destina-
tion pair of points which the user can either schedule or have
the computer schedule now or in the future.

The system must verify that the vehicle selected has the
appropriate specifications to successfully perform the re-
quested trip and prompt the user if it does not.

Once the trip request is assigned to a specific vehicle by
the computer or user, the scheduling system must perform
the following steps:

Calculate an estimated time of arrival (ETA) window.
This calculation must include the distance between locations,
the time necessary to board and disembark passengers, rout-
ing, and a table indicating average vehicle speeds.

The system must prompt the user when vehicles will be
outside their window.

The ETA calculation must recognize bodies of water,
bridges, and other obstacles around which vehicles must be
routed.

Search for opportunities to route more efficiently by mak-
ing bus-to-bus transfers between paratransit vehicles or to
and from fixed route schedules. The system must verify that
the client can make the transfer and the vehicles involved
meet the required specifications. No more than one transfer
should be made on a single trip.

Verify that by placing the trip reservation on a specific
vehicle, other trips previously assigned to that vehicle will
still be on time. If not, the affected trip(s) must be brought to
the immediate attention of the scheduler. The scheduler is to
have the option of having the system automatically reassign
affected trips to other available vehicles to optimize sched-
uling. The system must also verify that ride times on the
vehicle are not extended beyond specified limits and prompt
the user with an option to override when this occurs.

Assign the vehicle and sequence number for both the pick-
up and drop-off activities.

Assign a unique identification code to each activity.
Update the route display to show the addition of the origin

and destination points to the vehicle’s schedule.

The user must have the ability to request that the system
suggest an appropriate vehicle route insertion, or pick from
a list of ranked alternatives.

If the user chooses to leave certain trip requests unassigned
and forgets to assign them, the system must warn the user to
do so after a specified amount of time and/or before shutting
the system off.

If a trip request is entered where both the origin and desti-
nation are not shown on the screen, the display must auto-
matically redraw to include both locations.

The user must be able to insert a break activity at any point
in the sequence of events for a vehicle. The system must also
allow for preset breaks at a time assigned by the user or auto-
matically within a user-defined time period (10 minutes for
every 120 minutes of scheduled work, for instance).

The user must be able to remove a vehicle from service
and have the system show any previously assigned trips to
that vehicle unassigned. Additionally, the system must allow
the user to reassign the trips to another vehicle. The user must
be able to unassign trips individually and reassign them to
another vehicle. If the user cancels or changes the appoint-
ment time on a trip, the system must recalculate the remain-
der of the assignments on that route.

The system must allow the user to immediately confirm
ride availability for requests that fit with the existing trips and
standing orders. Unassigned trips that do not fit existing route
patterns must be placed on a waiting list for trip confirmation
and route building at a later time.

2.10 DISPATCHING

The computer system dispatch screen must display pend-
ing pick-ups and drop-offs, sorted by time, for each vehicle
in service. In addition to pick-up and drop-off information,
the dispatch screen must display the vehicle number, number
of passengers on the vehicle, promised arrival time, esti-
mated time of arrival and any special circumstances. The
user must be capable of scrolling quickly through the infor-
mation on the screen to determine the status of any vehicle in
service. If a vehicle is running late, the system should warn
the user immediately.

The user must be able to view a graphic presentation on
screen to see the route map of a vehicle when desired. The
system must also allow for the creation and use of user-
defined symbols and colors to assign to vehicles in service.

The user must be able to mark a trip as complete. The sys-
tem must then automatically perform the following functions:

Remove the stop location from display.
Log the current time and mileage as the time for comple-

tion of the activity (for later comparison to ETAs).
Remove the stop location from the vehicle route network.
Add the trip to the history database for the current day.
The system must provide a pop-up window which pro-

vides client residence access information so that dispatchers
can quickly respond to drivers’ questions.
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2.11 MOBILE DATA TERMINAL (MDT) Tables and Graphs:

The system must include MOBILE DATA TERMINALS
for each Paratransit revenue vehicle (approximately 13 vehi-
cles) to allow coach Operators to push a button and register
when passengers are picked up and dropped off as well as the
corresponding mileage for each pick-up and drop-off. It must
also interface with Everett Transit’s radio system and oper-
ate on an internal timer to register data when the radio is
busy. In addition, the MDT system should:

Allow the dispatcher to download a vehicle’s daily work
schedule to the vehicle, via the radio system, at the beginning
of the work shift.

Allow the dispatcher to, throughout the day, add or delete
pick-ups and/or drop-offs to the vehicle’s schedule via the
radio system.

Allow the vehicle Operator to register the time and
mileage when departing or arriving at the Service Center
(beginning and end of work schedule).

Allow the vehicle Operator to view at least two trips per
screen.

Allow the vehicle Operator to communicate with the dis-
patcher via the MDT by typing in messages and sending to
dispatcher via radio system burst.

System is to include a visual signal to vehicle Operator of
incoming message. The visual signal should remain on until
the Operator resets. The intent of this clause is to insure that
Operator is aware of all incoming information.

Proposer’s bid is to include proposed installation cost of
all MDT’s into vehicles and interface with scheduling soft-
ware.

The MDT units shall have a minimum of ten (10) user-
defined/changeable code keys to allow the vehicle Operator
to quickly communicate with the dispatcher and/or to regis-
ter information into the reporting/MIS system. Example of
codes:

l Unable to locate address
l Unable to locate client at address
l Client canceled at door
l On rest break
l In yard, available
l Vehicle breakdown

2.12 REPORTING/MIS

The system must contain a full report generating capabil-
ity to produce custom reports specified by Everett Transit,
and must be able to perform ad hoc reporting and data sorts
as required. The system must also have simple data import
and export capabilities to standard microcomputer software
packages such as Excel for Windows, Word for Windows,
Borland DBase4, Quattro, and Paradox. Some of the report
requirements are as follows:

1. Daily, weekly and monthly tables/graphs in hourly seg-
ments (half hour during peak periods) reflectmg:
l Vehicle slack time (stationary time not needed to

position for next pick-up).
l Number of vehicles with 30 or more continuous min-

utes slack.
l Subscription passengers on board.
l Total passengers on board.
l Number of sub-contracted trips (taxi, etc.).
l Hours of service (total # of vehicles out).
l Subscription trips per hour.
l Total passenger trips per hour.
l Average wait for pick-up, (wait for scheduled pick-

up).
l Longest wait for pick-up.
l Percentage of on time pick-ups.
l Average delayed arrival (arrival after scheduled

time).
l Longest delayed arrival.
l # of passengers late for appointment.
l Average ride time.
l Longest ride time.
l Denied trip requests (by reason for denial).
l Denied real time trips (will-call returns and originat-

ing).
l # of will-call returns.
l Split figure on advance request and same day request

as well as combined for all categories.
l #no shows, cancels and CADS  (canceled at

door).
l Total number of wheelchairs.
l Average number of wheelchairs (per vehicle, per

day).
2. Daily totals and average weekly and monthly totals for

above which are split by ADA Certified and Not ADA
Certified passengers. Numbers should reflect both
number of individual passengers and total rides by cat-
egory.

3. Daily list of all pick-ups and deliveries showing client
system activity in chronological order with the follow-
ing headings:
l Client name and address.
l Scheduled pick-up time.
l Actual pick-up time.
l Scheduled drop time.
l Actual drop time.
l Vehicle number.
l Driver’s name.
l Client eligibility status.
l Client disability code.
l Number of guests (including PCA).
l Dispatch ID code.
l ADA code.
l Scheduler comments.
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4. Daily, weekly and monthly breakdowns showing the
following in ADA and non-ADA categories plus com-
bined totals:

Mileage and percentage
Miles per passenger and vehicle hour
Service hours and percentage of total
Passenger trips per vehicle service hour
Denied trips and percentage of total by disability
code
Total trips provided and percentage
Total unduplicated riders and percentage
New clients and percentage of total
Total registered customers and percentage
Disabled trip category
Senior category
Total trips
Percentage of total trips
Totals by age group by year
Deadhead miles per vehicle (to and from first and last
pick-up/drop-off)
On request list of clients with no activity during pre-
vious 60-day period.

Other Reports:

1. Driver’s manifests with access comments.
2. Client file lists which can be retrieved individually, by

letter or in full.
3. Coach Operator hours and payroll reports which are

limited to specific field searches and run quickly, to
include:
l Payroll hours by driver (sign-in/sign-out) and totals.
l Service hours (the difference between leave garage

and return to garage less breaks and vehicle prep
time).

l Revenue hours (the difference between first pick-up
and last drop-off).

4. Vehicle data reports (in/out of service, miles, etc.)
Vehicle trip summary
Vehicle mileage summary

5. Standardized reporting of Section 15, monthly, quar-
terly and annual trip statistics as required.

6. Daily reports by route (or run number) that reflect:
All Operators assigned to the run for that date.
All vehicles assigned the run for that date.
Client file information for customers on run for that

date.
7. Other ad hoc and custom reports and data sorts yet to

be determined.

2.13 HARDWARE ENVIRONMENT

All software and hardware (MDTs)  provided by vendor
are expected to be compatible and able to interface with
Everett Transit’s existing computer environment which con-
sists of:

2-Compaq Deskpro 4/66xe
256K cache memory
8MBRAM
5.25 floppy
3.5 floppy
Hitachi SuperScan  20 monitor

l-Compaq Desk pro 486/50
256K cache memory
8MB RAM
5.25 floppy
3.5 floppy
Hitachi SuperScan 20 monitor
All computers have Windows and are part of a Novell
network.

Vendor will be responsible for installation, testing, train-
ing, and maintenance of all equipment/software purchased
from it.

2.14 TECHNICAL SUPPORT

The proposer must state the type of support given during
the installation process as well as on-going support after the
system is on-line.

Technical support must be available at all times during
the system operation. When system problems arise it is
required that the vendor respond within 30 minutes if
reported between 5:00 a.m. and 7:00 p.m. Pacific Time
(standard or daylight savings) on weekdays. During even-
ing hours, weekends and holidays, the vendor will be
required to respond within 3 hours of the time the problem
is reported.

If the problem impairs operation of the system, the vendor
must make every effort to provide a program fix within 12
hours, or provide a means for the system to work around the
program. The contractor shall have the ability to test program
problems in the same network environment that exists at the
work site.

It i s  expected that during installation, testing and for a
period of 180 days running on-line with this system, the ven-
dor shall provide unlimited telephone support seven (7) days
a week between the hours of 5:00 a.m. and 7:00 p.m. Pacific
Time (standard or daylight savings).

2.15 DOCUMENTATION

Everett Transit requires documentation on the standard
operating procedures of the system. This documentation
must be user friendly and easily understood by system users.
The documentation must be in a format that can be used by
Everett Transit staff for training of new employees as well as
a reference document.
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2.16 TRAINING

The proposer must present a training program and imple-
mentation schedule. The training program must specify the
type of training, number of hours and number of staff in each
training class. Computer simulation modules that are part of
the system are a preferred method of training.

2.17 MAINTENANCE AND WARRANTIES

The proposer must state all applicable maintenance and
warranties of the proposed hardware and software.

2.18 PROPOSAL FORMAT

Everett Transit requires each proposer to answer the fol-
lowing questions in its response to assist in evaluating the
product. These questions do not represent a complete list of
requirements and the lack of a question or reference to any
specific part of the RFP does not relieve the proposer of
responsibility to comply with the full requirements of the
Request for Proposal. Items not identified in a specific
question should be addressed in the “other” category of
this questionnaire.

2.19 IN SERVICE LOCATIONS

Please provide a list of locations and contact personnel
where your product is currently in operation. The list should
specify the following information for each location:

l Length of time the product has been on-line at location.
l Geographical features of the service area.
l Size, shape of the service area.
l Number of clientele served.
l Number of trips provided per month.
l Number of service hours provided per month.
l Number of vehicles in operation.
l Number of fixed routes operated within the service area.
l MDT System in use.
l GIS or mapping system in use.
l Database and structure in use.

2.20 REGISTRATION

1. Describe the client registration function of your sys-
tem.

2. How many registrants (clients/riders) can your system
hold?

3. How many one-way trips can your system register
each day?

4. Describe how your system handles conditional eligi-
bility criteria (clients eligible for service only under
certain conditions).

5.

6.

7.

8.

9.

10.

11.

12.

Describe how your system can be customized to
accommodate the categories referred to in this docu-
ment. How long is the process and what are the major
variables affecting the timeline?
What registration information does your system main-
tain on each client? Can it be customized? How long
is the process, and what are the major variables affect-
ing the timeline?
How can your system limit access to portions of the
registration database and what are the levels of
access? Can access to portions of the client informa-
tion screens, such as confidential medical informa-
tion, be limited to selected users?
How many screens are involved in your registration
file?
How long does it take to input an entire client regis-
tration file?
From what types of files can your system convert
client information?
How does your registration system interface with your
scheduling and dispatching system?
Can your system interface with other systems in the
region (most systems are using ON-LINE, Pass) for the
purpose of client file information and data sharing?

2.21 SCHEDULING AND DISPATCH

1. Describe the scheduling and dispatching function of
your system.
l Does it operate while the client is speaking with the

scheduler or are trips scheduled and dispatched in
batch mode?

l What information is the call taker or dispatcher
required to provide to schedule a trip?

l Describe the trip choices offered by the system to
the dispatcher.

l What criteria are dispatcher choices based on? How
does your system measure the most effective or
cost-efficient trip?

l Describe how your system schedules trips up to 14
days in advance. Does it operate in same day/next
day mode?

l How does the system route?
l Can the system auto-route as well as let the user

route? Explain the process.
l How does the system interact with the user to track

vehicle location and slack time?
l How does the system calculate travel time and

assign trips to vehicles?
2. How long does it take for your system to schedule a

trip: While the client is speaking with the scheduling
person? In batch mode (trips per hour scheduled)?

3. How long does it take your system to access a file or
execute a command?

4. Describe the speed and flexibility available in your
system and whether it allows the scheduler to accept



67

calls and assign the rider to a seat on a specific vehi-
cle during the call.

5. Describe your system’s ability to accommodate and
integrate subscription service (trips taken by the same
client with the same origin and destination three or
more times a week on the same days of the week),
demand response service (trips scheduled 24 hours in
advance), and immediate response or same day trip
insertion.

6. How does your system handle real time demand
changes and service interruptions such as cancella-
tions, will-call returns, road failures, etc.?

7. Describe how the system tracks and updates changes
in the availability of vehicles and Operators.

8. Can your system identify opportunities to transfer
passengers between two paratransit vehicle routes? If
this function does not exist, can it be customized, how
long will it take, and what are the variables affecting
the timeline? Cost as a separate option if outside the
standard package rate.

9. Can your system identify opportunities for transfer
between fixed route and paratransit vehicles? Does it
have fixed route overlay and can it identify fixed route
schedule times (can it determine if a specific fixed
route is lift equipped)?

10. Describe any speed or “hot key” functions your
system provides and how they work. Also de-
scribe any defaults the system provides to cue the user
that an error or established limit violation has
occurred. Of particular interest are the following
items:
l Trip exceeds available service hours..  Prompt when trip is outside service hours.
l Exceeds trip limits.
l Client on or entering suspension status.
l When subscription service reaches 50% of total.
l Vehicle seating or wheelchair space availability.
l When vehicles are out of their window, late, etc.
l Transfer option exists (between paratransit or fixed

route).
l Trip recommended for sub-contract (does not fit

routes/schedule).
l Client has reserved other trips this date.
l Prompt to cancel return trip when origination is can-

celed.
l Prompt that file shows client can ride fixed route for

trip.
l Speed key to change eligibility code (trip-by-trip).
l Length of trip violation.
l Unassigned tnp must be assigned.

If your system does not contain any of the above func-
tions, identify which ones. Can they be customized? How
long will it take and what are the variables affecting the
timeline? Cost as separate option if outside the standard
package rate.

2.22 SYSTEM REQUIREMENTS

1. Does the system utilize city-maintained and updated
GIS file computer mapping for geocoding?

2. Describe how your system can interface with known
automated fixed route trip planning and customer infor-
mation systems. List any systems that you are currently
interfacing with.

3. Will your system operate on Everett Transit’s existing
hardware?

4. Does your system run on a network? What kind?
5. What information do you require from the user to

establish and install your system?
6. What is the timeline for establishing a new system in a

new area? Provide both an “aggressive” schedule and a
“conservative” schedule for implementation.

7. What are the major variables affecting how long it
takes to implement a new installation of your system?

8. Describe, in detail, the security available with your
product.

9. Describe how your product handles transaction
process.

2.23 REPORTING

1. Describe the standard reports produced by your system.
2. Describe or list the actual trip statistics tracked by your

system (i.e., number of lift trips, number of rides,
delays, trip denials, etc., by time of day, etc.).

3. Describe any Report Write products that are available
for your software.

4. Does your product provide Query by Example or
Query by Forms?

5. Describe the system’s capabilities to track, process and
report complaints and commendations, if any.

6. Describe how the report function of your system can be
customized to meet any or all of the specific require-
ments of this document.

7. Describe and provide an example of your system’s
reporting for Section 15 requirements.

8. Describe how your system computes service hours.

2.24 TECHNICAL SUPPORT

1. What support is provided in the purchase price of your
product?

2. What are your support hours in Pacific Time (standard
or daylight)?

3. Do you provide a toll-free number for user support?
4. Do you have a bulletin board, CompuServe forum,

etc.?
5. Describe any available training/consulting services,

especially those available locally.
6. Describe any on-line help that is provided with your

product.
7. Describe any tutorials provided with your product.
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8.

9.

Describe other documentation  provided with your
product.
Describe additional support and training services avail-
able outside the standard cost package as a separate
cost option.
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CHAPTER 7

COMPLEMENTARY INFORMATION TECHNOLOGIES

CONTENT AND AUDIENCE

This chapter contains an introduction to information
technologies that complement and enhance the use of
scheduling/dispatching software. It is written for readers not
familiar with the use of technology in DRT systems.

7.1 OVERVIEW

We have been discussing the automation of the opera-
tions and administration functions of DRT service. When
you consider automating these functions, it is appropriate
to consider also several other technologies. Recent
improvements in the functionality, ease of use, and cost of
several electronic technologies have made it much more
feasible to utilize them cost-effectively in DRT systems.
The following five technologies are most frequently men-
tioned as logical additions to a sophisticated DRT software
package:

l Radio frequency (RF) data communication,
l Mobile data terminals and mobile computers,
l Vehicle locator devices,
l Mapping software/geographic information systems, and
l Card-based data storage and transfer media.

These technologies have the potential to increase the
productivity of DRT operations by reducing operating costs
or increasing capacity. They all complement the use of
DRT specialty software for operating functions and may
have a synergistic effect when used together. However,
most of them require a significant capital expenditure
so that their use is not an automatic “yes” decision. Cost-
benefit analysis is required to determine if they are worth-
while (1,2).

The use of these technologies is similar to automating
operations functions in that each one will require the instal-
lation of specialty software. They differ in that the hardware
used in each technology is not a standard PC but rather is spe-
cial hardware that embodies the technology. In many cases,
you will not even be aware that software is involved, and the
software decision is not a separate one but is part and parcel
of the hardware selection.

7.2 TECHNOLOGIES

7.2.1 Radio Frequency Communication

Traditionally, DRT dispatchers have communicated with
vehicle drivers using voice radio. This system works ade-
quately in small and medium-sized fleets, but when the fleet
becomes large, radio system capacity becomes a major issue
with voice radio communication. Particularly if the DRT sys-
tem possesses a single radio channel, there is simply inade-
quate channel capacity to communicate dispatch messages to
drivers. Obtaining additional conventional radio channels is
typically difficult or impossible in metropolitan areas,
although 8OOMHz  and 900MHz  trunked radio systems offer
an alternative; but these systems charge on a per-use basis,
and DRT systems may not be able to afford the usage
charges, which can amount to many thousands of dollars
annually for a system with a large fleet.

Taxi systems have contended with this problem for many
years, and many large taxi fleets have responded by installing
digital data communication systems for their radio systems.
Rather than a human dispatcher using voice radio to com-
municate dispatch orders to drivers, the dispatch order is
transmitted on the radio channel as a digital string of data to
a receiving unit in the taxi vehicle. Radio frequency (RF)
modems communicate the data.

The wireless revolution is the backdrop against which
developments in radio frequency modem technology are
occurring. RF modems work on the same principle as tele-
phone modems. Digital information (the O’s and l’s of binary
data) is encoded by a device into an analogous signal (the
human voice transmitted over a telephone line is an example
of such an analog signal). The signal can then be transmitted
over a communications medium to a decoding device at the
other end of the connection, where it is converted back into
digital data. (The term “modem” is derived from “modula-
tion” and “demodulation,” which are the processes involved
in encoding and decoding this analog signal.) The difference
is that an RF modem uses radio waves rather than the physi-
cal medium of a telephone line to carry the signal from one
location to another. Because radio frequency channels are
inherently more “noisy” than telephone channels, and
because of regulatory restrictions on the bandwidth of the
carrier signal, RF data transfer is invariably a slower, more
error-prone mode of data communication than using tele-
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phone lines. For example, telephone modems capable of
transmission rates of 9,600-28,800 baud (approximately bits
per second; see Glossary) are now commonplace, whereas
most RF modems do not operate at data transfer speeds
higher than 4,800 baud.

Although RF modems are slower and more expensive than
telephone modems, they are becoming increasingly available
at reasonable costs and at relatively high speeds. 4,800-baud
RF modems with significant data storage capacity and intel-
ligence can be purchased for several hundred dollars, and
2,400-baud  RF modems for significantly less. RF modem
prices are less than the cost of the radio with which the
modem interfaces. When purchased in conjunction with
mobile data terminals or mobile computers, the cost of RF
modems is further reduced. Thus, cost barriers to the use of
digital data communication for DRT operations are becom-
ing less serious. Moreover, withm the near future, it is possi-
ble that relatively affordable 9,600-baud RF modems will
begin appearing in the market.

The advantage of digital data transmission for DRT is that
it makes more efficient use of the limited-capacity radio
channel when passing dispatch messages. In addition, if real-
time data (other than simple status information) are to be effi-
ciently returned from the vehicle to the control center, digi-
tal data communication is essential. The developments in RF
technology, therefore, complement developments in the area
of mobile computers and data terminals; the in-vehicle
devices serve as the terminals to generate and receive the dig-
ital data transmitted by RF modems. Together, they enable a
cost-effective digital communications system for DRT.

7.2.2 Mobile Data Terminals and
Mobile Computers

The revolutionary advances in microcomputer-based
devices has made possible the development of relatively
powerful and inexpensive in-vehicle display and processing
units. These devices are typically classified as mobile data
terminals (MDTs)  or in-vehicle computers (also referred to
as on-board computers or mobile computers). The distinction
between these two types of devices is becoming increasingly
blurred by improvements in price-performance of MDTs.  To
the extent that there is a meaningful distinction, it is that
MDTs  are display devices with limited processing and stor-
age capabilities, whereas in-vehicle computers are full
microprocessor-based computers customized for the vehicu-
lar environment and have the ability to interact with the user.

Mobile data terminals have become widely available for
transportation applications in a variety of configurations,
with a range of performance characteristics. MDTs  are now
extensively used in the taxi industry with computerized dis-
patching systems. The MDTs  include or are attached to an
RF modem to transmit and receive messages. MDTs  used in
the taxi industry typically have a simple microprocessor, lim-
ited functionality, and a small amount of memory, usually

just enough to hold a handful of dispatch messages. Simple
MDTs  (such as older models used in the taxi industry) are
highly limited in the amount of data they can transfer from
the vehicle to the central computer, sometimes no more than
a few bytes of status information.

More powerful versions of MDTs, with enhanced internal
processing and storage capabilities, are commonly marketed
to the paratransit industry. At their most basic, MDTs  func-
tion as the receiving and display devices in the vehicle for
digitally  transmitted messages. Beyond that functionality,
there is a wide variation in the capability of MDTs relative to
processing capability, amount of memory, programmability,
and modem speed. As would be expected, the performance
capability of the MDT unit is directly related to its price.

MDTs  appropriate for DRT systems typically cost $1,100
to $1,400 installed per vehicle for the in-vehicle hardware
and firmware (software embedded in the microprocessor).
The cost includes an attached or embedded RF modem for
the MDT. Such MDTs are capable of storing and subse-
quently displaying multiple dispatch messages (passenger
pickup and drop-off addresses and instructions), of recording
and temporarily storing certain types of information about
each passenger pickup and drop-off, and of interfacing with
other electronic devices in the vehicle, such as automatic
odometers, vehicle location devices, and card readers.

Mobile computers are based on relatively powerful micro-
processors, are approximately the same size as a large car
radio, and include memory, storage capability, a keypad with
varying numbers and types of keys, a display terminal, pos-
sibly a built-m or attached printer, and some type of digital
communications link to the central computer. This can be
either an on-line real-time communications connection using
an RF modem or a batch end-of-day data transfer using a
computer cable, infrared data transfer, or even a telephone
modem connection (after the computer is removed from the
vehicle). Data transfer using card media is also possible with
some mobile computers. Mobile computers can also be con-
nected to other devices useful in the transportation environ-
ment, such as automatic vehicle locator units, automatic
odometers, and card reader/writers.

When used in a DRT application, in-vehicle computers
collect data generated in the course of operations, process
data, display messages to drivers, and communicate digitally
with a host computer system. Mobile computers can also be
hand-held computers. Rather than being mounted in the vehi-
cle, a hand-held computer is simply used inside the vehicle.
Such devices typically lack the on-line communications
capability of in-vehicle computers and communicate to a
host computer at the end of the day via a “cradle” device into
which they are plugged. Cradle units can be installed in the
vehicle and connected to an RF modem, but this is uncom-
mon to date. General-purpose hand-held computers may be
less expensive than in-vehicle computers designed specifi-
cally for mobile applications, not counting the cost of cradle
units (which can be a significant expense).
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The advantage of mobile computers is that by placing
computing power directly in the vehicle, it becomes possible
to create more robust and flexible applications than with a
simple MDT. In-vehicle and hand-held computers can run
complex software, handle sophisticated automated fare col-
lection, and communicate with a host computer using an RF
modem. Moreover, a DRT system that deploys mobile com-
puters in its vehicles has decentralized intelligence and does
not need to rely on the central computer for all information
and decisions. For example, an entire day’s worth of sched-
ules can be loaded into the in-vehicle computer at
the beginning of the day, and the driver can then work semi-
independently, except for changes or additions to the sched-
ule, which are communicated from the dispatcher via an RF
modem. (The more advanced MDTs,  which increasingly
resemble in-vehicle computers, have similar capabilities.)
Such an application automates the driver’s work, yet mini-
mizes the use of the data communication channel, which is
often a scarce and/or expensive resource. As another exam-
ple, an automated fare system can be implemented, with all
fare-related data-including billing information-being col-
lected and stored in the mobile computer and then commu-
nicated digitally to the central computer.

Although the cost of acquiring these capabilities has
declined significantly over the past five years, it is still rela-
tively expensive. MDTs  can be acquired for $1,150 to $1,700
per unit, including RF modem, automatic odometers, trans-
mission transducers (necessary for an automatic odometer to
function), and installation. In-vehicle computers would prob-
ably cost a few hundred dollars more. In addition, a DRT
provider will need to acquire a communications server and
communications software to handle digital data communica-
tions between the central control system and the mobile
units. This will cost an additional $4,000 to $30,000, plus the
cost of computer hardware to host the communications sys-
tem. If trunking radios have to be acquired because of inad-
equate conventional radio coverage or performance, these
will be an additional several hundred dollars per unit, plus
usage charges, for an 800MHz  or 9OOMHz  trunk radio sys-
tem. For a 50-vehicle operation, the total cost could range
from as little as $65,000 to over $175,000 if new radios need
to be acquired.

To date, only a small number of DRT systems have
invested in mobile data terminals and the associated RF data
communication system they require. The reasons appear to
have little to do with technological risk. At least two DRT
software vendors will sell turnkey software/MDT systems to
an operator, the technology is mature, and the systems have
performed adequately in actual operations. The reason for the
slow rate of adoption appears to be the cost of the technology
relative to its perceived economic benefits.

For a 50-vehicle system, the cost of an MDT system and
the necessary RF data communication infrastructure can eas-
ily exceed the cost of a DRT software package. But the soft-
ware package provides the basic value of the combined sys-

tern; the scheduling and dispatching software can operate
without the MDT system, but not vice-versa. Thus, finan-
cially constrained DRT organizations have a difficult time
justifying the cost of the additional level of automation,
unless they are inherently oriented towards technological
solutions.

The price tag alone is rarely the entire issue when it comes
to purchasing an MDT system, as every DRT system must
regularly replace its vehicles, and such expenditures are
many times those of the cost of an MDT system. It is simply
that the added value of an MDT system is uncertain unless a
DRT operator is experiencing serious radio capacity prob-
lems. An MDT system can reduce control-room costs, but
the savings are not of the magnitude to pay back the expen-
ditures on the system in a short period of time. Moreover,
many current DRT systems rely predominantly on subscrip-
tion trips and advance reservations. Most operations are
prescheduled, which means that drivers begin their day’s
activities with much of their schedule already determined,
ostensibly minimizing the need for real-time trip insertions
and schedule modifications. In practice, of course, schedule
changes are made throughout the day, but the key point is
that most contemporary DRT systems do not rely on real-
time scheduling and dispatching. This reduces the value of
an MDT system.

The reasons that MDTs have proliferated in the taxi indus-
try are that these systems clearly reduce control-room costs
in the taxi environment, and they reduce radio-capacity prob-
lems for large systems. Further, the nature of taxi service is
almost totally real time. Most DRT systems do not share the
same characteristics.

7.2.3 Automatic Vehicle Location Devices

The ability to locate vehicles precisely can be of signifi-
cant value to DRT systems that use computerized scheduling
and dispatching. By knowing the location of vehicles at the
time of vehicle assignment (i.e., assigning a specific trip
request to a specific vehicle), it may be possible to improve
the productivity of the system, as the proximity of a new trip
request to a vehicle’s current actual location on its tour can
be better exploited. Until recently, however, vehicle location
technology was rather expensive, and no actual DRT system
had ever utilized so-called automatic vehicle location (AVL)
technology.

AVL technology has become markedly more cost-effective
during the past few years as the result of two developments.
First, a U.S. government system of geopositioning satellites
(GPSs)  has achieved adequate coverage of the continental
United States; full coverage is available 2 l-24 hours per day.
This satellite system, originally developed for defense pur-
poses, continuously broadcasts highly accurate positioning
information; the satellite signals can be received by any
antenna tuned to the appropriate frequencies. The use of
these signals is free, as the U.S. government provides the
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entire GPS infrastructure. The location information that can
be computed by receiving signals from multiple satellites is
highly accurate, to within 50 meters of the true location with-
out signal correction techniques, and to within 5-10 meters
using correction techniques that are implemented in more
advanced AVL units.

Second, the cost of GPS receiver units has declined sig-
nificantly over the past four years. Complete GPS receivers
can now be purchased for several hundred dollars, and a GPS
antenna costs an additional $100 or so. More significantly,
circuit board GPS units-which actually contain all of the
logic components of the GPS receiver-can be integrated
into or interfaced with an in-vehicle computer or the more
advanced types of MDTs, for an installed cost of $200 to
$500 per unit. This includes the cost of the antenna. Such a
solution provides all of the functionality needed for a GPS-
based vehicle location system.

These developments make AVL technology relatively
affordable to DRT systems. An end user can purchase the in-
vehicle component of AVL technology (mapping and control
software is also necessary for a functional system) for $500
or less per vehicle when the GPS receiver is integrated with
other in-vehicle electronic components.

AVL systems based on GPS technology are now well-
established in the market and will, in all likelihood, become
the dominant AVL technology. While other types of AVL
technology exist, systems based on GPS appear generally
superior in accuracy and cost-effectiveness. An alternative to
establishing one’s own GPS-based AVL system is to buy
into AVL systems that have been established in a number of
large metropolitan areas. These systems, of which the best
known is probably the Teletrac system, are based on a net-
work of fixed-point antennas to locate vehicles containing
receiving/transmitting units, which communicate via paging
technology. These latter systems, however, are only viable in
large metropolitan areas that can support a dense network of
antennas and can share the infrastructure cost among many
users.

In addition, although buying into an established AVL sys-
tem such as Teletrac avoids most of the potential problems
associated with developing one’s own system, the disadvan-
tage is the pricing structure. With a GPS-based AVL system,
most costs occur at the outset, in purchasing the hardware
and software. In systems exemplified by Teletrac, users are
charged a fee per transaction. The relatively high cumulative
charges make this technology potentially less cost-effective
than GPS-based AVL systems.

AVL systems have been adopted by only a handful of
DRT operations, for essentially the same reasons as the slow
rate of adoption of MDT systems. A list of a sample of DRT
providers who are using AVL for DRT service is shown in
Table 7.1. Commercial transportation operators (such as
package delivery and trucking companies) have invested in
AVL technology because they derive economic benefit from
knowing precisely where their vehicles are when making

vehicle assignment decisions (e.g., which vehicle to send for
a residential pickup). But given the characteristics of many
contemporary DRT operations-low productivity, lengthy
dwell times due to passenger characteristics, predominantly
prescheduled operations-the value of real-time vehicle
location information is relatively low. AVL systems also
tend to be more technologically challenging, and somewhat
more prone to complications. Simply stated, if a DRT oper-
ation does not make most of its scheduling and dispatching
decisions in real time, the economic rationale for investment
in AVL technology is limited.

7.2.4 Mapping Software/Geographic
Information Systems

Using AVL for DRT applications depends on interfacing
location information with mapping software. When a vehi-
cle’s location can be plotted on a map-whether displayed or
not-the quality of dispatching and real-time scheduling
may improve, by providing the trip assignment algorithm
with exact vehicle location information at the time of trip
assignment/reassignment. When the location is displayed, a
human dispatcher has the information to make better trip
assignments and reassignments.

Both mapping software and geographic information sys-
tem (GIS) software have now become widely available and
affordable. Mapping software geocodes addresses, using a
latitude/longitude coordinate system; the software determines
whether addresses actually exist and plots address locations on
an electronic map. Distances between two points can be cal-
culated, streets and address locations can be viewed on a com-
puter screen, and data files of street addresses and attributes
can be managed. GIS software does all of this and more, pro-
viding comprehensive ability to manipulate, analyze, and
manage databases that are based on spatial data.

In general, computerized DRT systems require mapping
software, not full GIS ability. DRT systems must geocode
addresses, calculate distances between points in a service
area, calculate travel times between points using distance
information and some knowledge of the street network, and,
on occasion, display vehicle and passenger location on a
computer screen. Computerized DRT systems need such
capabilities, even if they do not use AVL technology, but
these capabilities are essential for AVL deployment.

Some software vendors have developed integrated AVL-
mapping applications for the transportation industry, and
mapping software and map files are widely used for trans-
portation applications. One of the leading DRT software sys-
tems uses an industry-leading mapping package as an inte-
gral part of its system; this same mapping package has been
interfaced with AVL systems in other (non-DRT) applica-
tions. The DRT software vendor provides AVL application
software for $12,000, which includes the ability to “see”
DRT vehicles moving about the service area in real time as
part of an overall AVL system.
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TABLE  7.1 List of DRT Providers Using AVL

City of Albuquerque Transit and Parking Department
Albuquerque, NM
Linda Dowling - data manager
505/764-6105
Sheran Matson - paratransit manager
505/764-6165
(As of this writing in June 1996, the system is expected to be operational in 6 months )

Ann Arbor Transportation Authority  (AATA)
Ann Arbor, Ml
Chris White
313/677-3922

Capital  District Transportation Authority
Albany, NY
Cary Roessel
518/482-4199
(This is a signpost system requiring electronic boxes streetside and IS more appropriate for fixed-route.)

Metropolitan Transit Authority of Harris County: METRO
Houston, TX
Kevin McGreevy
713/739-4614

Outreach, Inc.
San Jose, CA
Roberta Gardella
408/436-2865

SMART
Troy, Michigan
Ron Risto
81 0/362-0924

Department of Public Works
Stanislaus County, CA
Brad Christian
209/525-6552

Tidewater Transit District Commission
Norfolk, VA
Karen Haushafter
804/640-6223

Winston Salem Transit Authority
Winston Salem, NC
Nedra Woodyatt
910/727-2000

The technology to provide precise and useful vehicle loca-
tion information to either control room personnel or a DRT
software application itself now exists via this combination of
mapping software and AVL devices. For a relatively modest
investment, an organization can incorporate this capability
into its suite of software and hardware technologies.

7.2.5 Card-Based Data Storage and
Transfer Media

Cards to store data, transmit the data to another device, and
potentially alter their stored data, are potentially important
for paratransit operations. By issuing to users cards with
identification and, possibly, fare information, DRT providers
can partially or fully automate collecting information on user
transactions and vehicle operations.

There are essentially three types of cards relevant to DRT
systems. The most basic is a read-only card, which uses
magnetic stripes (mag-stripe) or bar codes to store and trans-
mit the information on the card. This type of card can store a
limited amount of data-typically fewer than 100 charac-
ters-and the data cannot be altered once it is placed on the
card. Bar-code strips can be attached to cards and then
replaced by another strip, but the data on each strip cannot be
changed. Mag-stripe and bar-code cards are most useful for
storing simple identification and status information, which
can be retrieved when the passenger or driver swipes the card
through a card reader or scans a bar-coded card with a bar-
code reader.

A more sophisticated card is the memory card. This card
has an area on which data can be written and then read by a
card reader, but the data can be altered after the initial writ-
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ing. Memory cards are useful when data on the card need to
be alterable but the card is not a data-processing device. An
example is an ID card that also contains stored fare value.
The stored value can be decreased each time a passenger
boards a vehicle and swipes the card through a card
reader/writer.

The most sophisticated card is the smart card. A true smart
card is one with an embedded microprocessor, as well as an
area for data storage. Most current smart cards can store
l,OOO-3,000 bytes (50-150 pages) of data. The embedded
microprocessor is what gives the smart card its “smarts”-
actually processing data just like a computer chip. Relatively
few smart card applications to date, however, take full advan-
tage of this capability. Most do little more than perform sim-
ple functions, such as incrementing and decrementing
numeric data stored on the card. One key attribute of the
smart card is the additional security it provides relative to
conventional magnetic-stripe technology-it is possible both
to encode data and to prevent access to the data on the card
without appropriate security permission. The combination of
security and internal processing capability makes smart cards
ideal as “electronic purses,” loaded with stored monetary
values that are subsequently reduced as each transaction
occurs. The stored value can also be increased at point of
contact with the system if additional funds have been
deposited into the cardholder’s account for this purpose.

The major disadvantage of smart cards is their cost. They
require a more complicated card reader-actually a
reader/writer-than do magnetic-stripe cards, and this device
costs a few hundred dollars per unit. In contrast, a magnetic-
stripe card reader typically costs less than $25. In addition, the
smart cards themselves are relatively expensive, currently
costing $6 to $12 each, depending on features (such as photo
ID), for 8K- to 16K-bit  cards. Magnetic-stripe cards and bar-
code cards cost much less than $1 per card (unless a photo ID
is mvolved), and memory cards typically cost $4 to $5 per card.

Some paratransit organizations have expressed serious
interest in using cards to help automate the collection of pas-
senger trip data and to use as fare media. If there is no need
for the information stored on the card to be processed inter-
nally, simple memory cards or magnetic stripe cards are ade-
quate. Magnetic-stripe cards provide read-only storage and
can hold relatively little data; but they are adequate for stor-
ing customer ID numbers, fare-category information, and
similar types of data that may need to be collected for each
passenger transaction. Memory cards can contain relatively
large amounts of data, which can be altered on the card (or
new data written to the card), thus enabling them to be used
for two-way data transfer. In addition, proximity card read-
ers are available for memory cards, for prices ranging from
$350 to $500. These card readers require no physical inser-
tion of the card into the card reader/writer, as is the case with
magnetic stripe cards or conventional smart cards.

Card-based data/fare collection systems are less mature
for DRT operations than either MDT/RF data communica-

tion or AVL technologies. A variety of possible configura-
tions exist, but no one approach has demonstrated any
significant market appeal to date. With the exception of
magnetic-stripe card readers connected to an MDT or in-
vehicle computer, no off-the-shelf solution exists without
technological uncertainty. A relatively ambitious attempt by
the Regional Transportation Authority and the Chicago
Transit Authority to implement a data/fare collection system
using hand-held computers and smart cards was abandoned
following quality control problems with the card readers
embedded in the hand-held computers. Various factors other
than the hardware problems (eventually eliminated by
replacing the original hand-held computers) ultimately led to
the demise of the project, including technological complex-
ity and a potential mismatch between operator capabilities
and system requirements.

Several relatively low-risk approaches to card-based
fare/data collection exist, but as with MDTs and AVL sys-
tems, the economic benefits of any approach appear uncer-
tain for most DRT operators. The major reason is that card-
based systems are premised upon a relatively expensive
hardware device that is either the card reader itself or an
interface to the card reader. Consequently, the value of auto-
mated fare/data collection may not be commensurate with
the costs of the required technology, particularly in view of
the low productivity of DRT systems.

7.2.6 Telephone-Based Technologies

Two advances in telephone technology seem to have
potential for DRT operations. The ability to identify the
caller’s telephone, or to have the caller enter a code which
would trigger the search of the database for the caller, would
seem to have the potential to save the reservationist’s time
when answering the call. It may also prove to be automation
overkill.

The second interesting technology is the use of menus and
caller-entered data without or prior to speaking to a human
reservationist. A telephone tree would be used to solicit
information from patrons (“Press 1 if you wish to schedule a
new trip,” “Press 1 if your trip will begin from your home
residence,” etc.). Automatic telephone order taking, schedul-
ing, and dispatching is not an untried concept. In Europe it
was demonstrated in the form of a streetside kiosk from
which passengers would call for service. It has the potential
for completely automatic scheduling and dispatching with-
out any human assistance.

7.3 STATE OF ART OF TECHNOLOGY USE

Relatively few of the 119 respondents to the survey of
providers indicate that they use one of the subject technolo-
gies (Figure 7.1). However, a significant number are “plan-
ning to acquire” one or more technologies.





76

ing capability and a GIS capability. While this would seem
to have significant potential for cost saving, it IS a use of tech-
nology that involves the passenger to a greater degree than
others we have discussed and may therefore cause resistance
to acceptance. Since many users of DRT service have func-
tional difficulties, the interaction with a known voice may be
a desirable part of the service. Therefore, although it is not
likely that on-line reservations will ever totally replace the
person-to-person reservations process, a substantial percent-
age of reservations activity might be handled in this fashion.

Additional automation can also occur on the operations
side of the reservations process, by providing automated tele-
phone call-backs to passengers with vehicle status informa-
tion. When vehicles are running late, patrons can be
informed, and when they are within a certain distance of the
pickup point, patrons can be notified. This assumes the use
of AVL technology, RF data communication, and an auto-
mated voice response telephone system.

7.5 ISSUES OF ACQUIRING
COMPLEMENTARY TECHNOLOGY

The key issue in acquiring complementary technologies
for DRT is risk management. This Handbook has presented
you with a blueprint for navigating the DRT software pro-
curement process to help you achieve the best possible out-
come for your organization. While there is risk inherent in
purchasing specialized software such as that for DRT, the
fact that many other organizations have engaged in this
process and that there exist vendors with a relatively large
installed base helps minimize this risk. The situation is not
the same when you seek to incorporate other technologies
into your operation.

For you to successfully acquire and integrate other tech-
nologies with a DRT software package, you must manage
four types of risk. They are the following:

l Knowledge risk,
l Technology risk,
l Vendor risk, and
l Integration risk.

Knowledge risk refers to your lack of knowledge about
how a particular technology works, about an organization’s
capabilities, or about how best to integrate different tech-
nologies into a coherent system. In other words, knowledge
risk is everything you and your organization don’t know
about achieving the outcome you desire. Knowledge risk
also refers to the possible illusion that you can eliminate risk
from the technology acquisition and integration process.
Risk elimination is a relatively common goal of public
agency managers, as they do not believe “failure” is an
acceptable outcome of technology procurement and imple-
mentation. But the belief that risk can be eliminated when
dealing with technology is a fallacy, for risks can merely be

managed. Even standard technologies do not always perform
as expected. Personal computers have hard drives fail, print-
ers malfunction, vehicles break down when in service.

The best approach to managing knowledge risk is to
acquire as much knowledge as you can about the technolo-
gies you are considering, and to recognize that implementa-
tion will be-at least initially-less than trouble-free. If you
design a technology acquisition process premised on prob-
lems occurring, you must do two things. First, choose tech-
nology partners (vendors) who you believe are not merely
competent but also committed to solving problems collabo-
ratively. Second, make contingency planning an integral part
of your approach. This means you formulate plans to deal
with the problems that may occur and work through the prob-
lems to an improved situation. If you adopt this approach, the
likelihood of a successful outcome is quite high.

Technology risk is the possibility that the technology you
are implementing will not perform as expected. For the com-
plementary technologies described in this Handbook, tech-
nology risk is limited. These technologies are relatively
mature in one or more applications so outright failure is
highly unlikely, unless you are purchasing an entirely new
product by an untested vendor. More likely, the technology
will not live up to your expectations. The best way to man-
age this risk is to establish expectations in line with current
reality for the technology. Investigate how this technology
performs in other DRT systems or similar applications. Do
not expect substantially more, despite what a vendor may
claim.

If this is an entirely new application of a technology, be
prepared for technology problems, perhaps major problems.
You must understand that benefits can be gained only by tak-
ing risks, as off-the-shelf technology designed precisely for
your application does not exist. If your organization is not
prepared to accept a certain level of risk, you should not
acquire any technology until it is totally mature and has
achieved wide-scale acceptance. This means you also forgo
the benefits of such technology, but for some organizations,
risk avoidance is more important than improved functional-
ity or performance. Is your organization prepared to accept
the risk that the technology won’t function perfectly, at least
initially?

Vendor risk is the possibility that the organization from
whom you acquire the technology will not perform as
expected. This is different from technology nsk in  that it is
already assumed that the technology will not function per-
fectly at the outset (if it does, it is a pleasant surprise). Ven-
dor risk occurs for two reasons.

First, the vendor may be small, relatively new, and with
limited financial staying power. Vendors with such charac-
teristics may have a difficult time responding to serious prob-
lems that occur during the implementation; the diversion of
resources to your problem could put the company itself at
risk. In addition, such companies may simply go out of busi-
ness within a year or two of the time they implemented the



product in your system, leaving you without support for the
product you acquired. Under these circumstances, why deal
with a vendor with such characteristics? For the simple rea-
son that in a small market niche such as DRT technology,
such a vendor may have the best technology at the lowest
prices-large, established hardware and software companies
may have no interest in the market niche or any products
designed to serve its requirements. In addition, many sub-
stantially sized companies began life under these less-than-
ideal circumstances and parlayed their technological exper-
tise and customer responsiveness into highly successful
businesses. Their early customers often benefited dispropor-
tionately, receiving excellent service and prices.

Second, vendor risk derives from not understanding the
vendor’s capabilities. A firm that can produce a particular
hardware product does not necessarily have the expertise and
experience to integrate the product successfully with a soft-
ware system with which they have no prior experience. It is
important that you understand precisely what the vendor can
and cannot do, and not anticipate that your project will be
trouble-free if the vendor has never implemented the same
system previously. This does not mean a vendor is a bad
choice because it has not previously done exactly what you
want; it does mean you can expect some problems to occur
and should be prepared to work with the vendor to solve
these problems. As technology has become more complex, it
is tempting to believe that an organization that can master a
particular technology can easily solve many other related
technological problems when, in fact, that is often not the
case.

Vendor risk is best managed by soberly assessing the man-
agerial and technical capabilities of prospective vendors, and
evaluating those capabilities relative to the price and perfor-
mance of the technology they are offering. To achieve the
best outcome, risk may be necessary-but vendor risk should
always be known in advance, not discovered late in the
implementation process.

Integration risk is the possibility that when you attempt to
integrate two or more technologies, the result will be much
less than expected, even though each technology in isolation
works perfectly well. In large, complex systems, integration
risk is always present because the system has never been
assembled in exactly the same way previously.

Integrating the component technologies for DRT with
DRT software systems presents some integration risk,
depending on the specific combination of technologies and
software. You can purchase an integrated DRT software and
MDT system that presents little integration risk per se
because the specific combination of software package and
MDT units has been implemented in other settings. How-
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ever, integration risk may still be present if characteristics of
the RF environment are sufficiently different from these
other settings that they pose new problems never encoun-
tered before in implementing the technologies. In general,
however, incorporating MDTs  into a DRT software system
poses limited integration risks for certain MDT and software
products. There is somewhat greater integration risk for AVL
and card-based technologies combined with DRT software,
due to the more limited experience with these types of sys-
tem integration.

To manage integration risk, you need both specific objec-
tives for the system and expertise in understanding how the
components of the system will work together. The specific
objectives help ensure that your expectations are established
at the beginning of the process, so both you and the vendor(s)
understand what you expect the system to do. It may be that
your objectives for the system are not realistic-the vendors
will usually inform you that this is the case. You then must
develop realistic and achievable objectives before you can
proceed with acquiring the technology and implementing a
system. Expertise is essential to develop and integrate the
technology but it does not have to be your organization’s
expertise. In selecting one or more vendors to implement
these new technologies in your DRT system, you should
probably place a high priority on a vendor’s demonstrated
ability to understand how the different components work
together and to manage the integration process. If your orga-
nization has implemented new technologies previously, you
will already have an appreciation of the knowledge and effort
necessary to bring a new system into being. You will want to
select vendors who have a similar level of appreciation for
and experience with tlus process.

The key issue in adopting any of these DRT component
technologies into your system is to recognize that you are
taking at least a limited risk. Even if everything goes
smoothly in the implementation, the benefits you expect
from the new technology may not occur. With the recogni-
tion of risk, and the determination to manage it successfully,
comes the ability to make the trade-offs between risks and
rewards that will enable your organization to decide intelli-
gently whether to invest in new technology in light of the
potential benefits it can yield.
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APPENDIX A
GLOSSARY AND ACRONYMS
Accessible-The extent to which transportation vehicles and
facilities are free of barriers and usable by persons with
disabilities, including wheelchair users.
Advanced Public Transportation (APT) Program-The
name of an FTA program for Intelligent Transportation
Systems (ITS}.
Advance Reservation Service-DRT reservation timing
regime that requires requests for reservations to be made 24
hours or more in advance; also called Prescheduled
Service.
Algorithm-A formula or set of steps for solving a problem
(usually mathematical) that ensures that the solution is the
best one possible. An algorithm must be unambiguous and
must stop when the best solution is calculated
Americans with Disabilities Act of 1990 (ADA)-Federal
civil rights law that enables persons with disabilities to
participate fully in society, live independently, and be
economically self-sufficient.
Application Program-A program designed to perform
practical tasks, such as accounting, statistical analysis,
vehicle scheduling, word processing, and the like.
Area Population-The number of residents in the base
service area.
ASCII-Acronym for American Standard Code for
Information Interchange. A standard for representing the
characters of the alphabet, numerical digits, punctuation,
and various symbols in binary code (l’s and O’s). An
ASCII text file is a plain text file.
Automatic Vehicle Location (AVL)-Electronic
communication system for tracking and reporting the
location of vehicles to a central dispatching center.
Backup-A copy of a program or data made for protection,
in case the original 1s damaged.
Batch Processing-Scheduling a number of trip requests all
at one time.
Baud Rate-A measure of the data transfer speed of a
modem which is close to, but not exactly, bits per second;
usually 2,400, 9,600, 14,400, or 28,800.
Benchmarking-Evaluating the relative performance of
software by measuring the computer processing time or the
user effort required for the software to perform various
functions.
Benefit-Cost Analysis-An analytical technique that
compares the societal costs and benefits (measured in
monetary terms) of pro-posed programs, projects, or policy
actions. Identified losses and gains experienced by society
are included, and the net benefits created by an action are
calculated. Alternative actions are compared to allow
selection of one or more that yield the greatest net benefits
or highest benefit-cost ratio.
Bit-Binary digit. The basic unit of computer data, either 0
or 1.
Broker-Organization that identifies and matches potential
user’s needs with available transportation services.
Although a broker usually does not operate services
directly, it may provide advice and information, whether
technical, financial, or organizational, as well as regulatory
and institutional assistance.

Bug-An error in software (or hardware) that causes a
program to malfunction.
Byte-A unit of storage equivalent to one alphanumeric
character (letter or number) recognized by computers as a
single unit; in most computers equivalent to 8 bits.
Call-back-Demand-responsive transit service telephone
operator’s notification to customer that vehicle is among on
schedule or will be delayed.
Caller Identification-Telephone system that Identifies the
telephone number or name of the caller.
Central Processing Unit (CPU)-The microprocessor that
does the computing and controls the flow of information in
the computer.
Chip-An electronic circuit etched onto a piece of silicon. A
chip can be a microprocessor or a memory device.
Citizen Advisory Committee (CAC)-An organized group
of local people who supply their ideas and input to, for
example, a particular transportation study or plan, a transit
or paratransit operation, or a government agency.
Compatibles-Personal computers that are compatible
with personal computers manufactured by IBM.
Computer-Aided System-Demand-responsive
transportation service in which some, but not all, control
center functions are per-formed using a computer. Also
referred to as computer-assisted.
Computerized Dispatching-Procedure for assigning
demand-responsive transit customers to vehicles and the
scheduling of vehicles by electronic equipment using a
predetermined algorithm.
Contracting; Contracting Out-A procedure followed by
many organizations to let certain parts of the operation to
private contractors, instead of having their own employees
perform the work. A frequent rationale for contracting is
the idea that the work can be performed more efficiently
and with less expense to the main organization.
Coprocessor-A special-purpose processor that assists the
main microprocessor by performing certain operations,
most commonly graphics and precision computation.
Cost-The outlay or expenditure made to achieve an
objective.
Cost-Effectiveness Analysis-An analytical technique used
to choose the most effective method for achieving a
program or policy goal. The costs of alternatives are
measured by their requisite estimated monetary
expenditures. Effectiveness is defined by the degree of goal
attainment and may also (but not necessarily) be
measured in monetary terms.
Cost Efficiency-A quantitative measure of efficiency or
how well something contributes to the attainment of goals
and objectives measured against its cost. For transportation
systems, cost efficiency is usually measured as the ratio of
the cost of a system to the level of service. Examples of
four major unit cost measures that might be used (either
separately or together) to determine cost efficiency are total
operating cost per vehicle hour, total operating cost per
vehicle mile, total operating cost per passenger tip, and
total operating cost per passenger mile.
Count-l. A process that tallies a particular movement of
people or vehicles past a given point during a stated time
period. It may be a directional or a two-way value and is
also known as a traffic count. 2. A volume of people or
vehicles.
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Curb-to-Curb Service-A service that picks up and
delivers passengers at the curb or roadside, as distinguished
from door-to-door service. Passenger assistance is not
rendered other than for actual boarding and alighting.
Custom Software--Software package modified specially to
the specifications of one user.
Database-A collection of information, organized for easy
analysis and retrieval. Consists of individual data elements,
each of which is called a field. A collection of fields related
to one entity, such as a passenger, is called a record. A
collection of records is called a file.
Data Element-A single item of information such as a
rider’s name; also called a field. A collection of data
elements makes up a record. See also Database.
Demand-l. The quantity (of transportation) desired. 2 In an
economic sense, a schedule of the quantities (of travel)
consumed at various levels of price or levels of service
offered (by the transportation system).
Demand-Actuated Transportation System-Another term
for Demand-Responsive Transit but also may refer to a
system of small vehicles operating on a guideway network,
for example, an elevator.
Demand Analysis-A study of the factors that affect
demand, performed by collecting data and using various
analytical techniques to understand demand.
Demand Density-Intensity of trips generated usually
measured in trips per hour per square mile.
Demand-Responsive Transit (DRT)---Generic term for a
range of public transportation services characterized by the
flexible routing and scheduling of relatively small vehicles
to provide shared-occupancy, personalized, door-to-door,
curb-to-curb, or point-to-point transportation at the user’s
demand; implies existence of a coordinated dispatching
service; also called Flexible-Route service or Demand-
Actuated transportation.
Destination-l. The point at which a trip terminates. 2. In
planning, the zone in which a trip ends.
Deviation from Checkpoint-Demand-responsive
transportation services that make regular scheduled stops at
designated check-points but are free to provide door-to-
door service between check-points.
Deviation from Route--Demand-responsive transportation
service in which a normally fixed route bus will leave the
route upon request (within a defined service area) to serve
patrons not on the fixed route.
Dial-a-Ride (DAR)-A demand-responsive system in which
curb-to- curb transportation is provided to patrons who
request service by telephone, either on an ad hoc or
subscription basis. It is also known as dial-a-bus (DAB)
when buses are the vehicles used.
Digital Data Communications-A regime for
communicating digital data (Os and 1s) that can
communicate voice data as well by translation at both the
sending and receiving ends.
Disk, Diskette-A disk made of magnetic or optical etched
material that is the most common medium for recording
and storing data; floppy disk or hard drive.
Disk Operating System (DOS)-The operating system used
in IBM PCs and compatibles.
Dispatcher-In demand-responsive transportation, the
person who assigns the vehicles to customers and notifies
the appropriate drivers, and who may schedule and route
vehicles and monitor their operation.
Dispatching-l. In DRT systems, the process of assigning a
sequence of trips to a vehicle. 2 Relaying service
instructions to drivers.

Distance, Trip--l. Linked-The distance traveled on a linked
trip, that is, the distance from the point of origin to the
final destination, including the walking distance at trip
ends and at transfer points. 2. Unlinked-The distance
traveled on an unlinked trip, for example, a tnp on a single
vehicle.
Diversion Trip Assignment-A trip assignment technique
that allocates trips to alternate routes on the basis of the
relative times or distances (or both) involved.
Documentation-Written material accompanying a software
program designed to teach how to use the program
and containing reference information.
Door-to-Door Service-A service that picks up passengers
at the door of their place of origin and delivers them to the
door of then destination. This service may necessitate
passenger assistance between the vehicle and the doors.
DOS-Disk Operating System; a particular operating system
for personal computers (see Operating System).
Downtime-l. A brief period during which workers are
unable to perform their tasks, while they wait for vehicle
replacement, repair, parts or supplies, etc 2. A payment
made to employees for such lost time. 3. A period during
which a vehicle is inoperative because of repairs or
maintenance.
Drop-Off-Vehicle stop to allow a passenger to disembark.
Effectiveness-l. In transportation, the correspondence
of provided service to intended output or objectives,
particularly the character  and location of service; in
other words, producing the intended result (doing the
right things). 2. In transit, the degree to which the desired
level of service is being provided to meet stated goals and
objectives; for example, the percentage of a given service
area that is within the desired l/4 mi. (0 4 km) of a transit
stop.
Efficiency-The ratio of output (e.g., level of service
provided) to input (e g., cost or resource usage), that is,
providing the desired result with a minimum of effort,
expense, waste, and so on (doing things right).
Electronic Fare Media-Technologies for collecting fares
electronically; includes magnetic cards and smart cards
Eligible Population-The number of residents of the service
area who are eligible to ride a specialized transit system.
Expansion slot-See Slot
Fare-l. The required payment for a ride on a public
transportation vehicle. It may be paid by any acceptable
means, for example, cash, token, ticket, transfer, farecard,
voucher, or pass or user fee. 2. A passenger who pays a
fare.
Few-to-Few-A service that picks up passengers at a limited
number of origins and delivers them to a limited number of
destinations.
Few-to-Many-Demand-responsive transportation that
serves a few preselected origins, typically activity centers
or transfer points, and any destination, such as homes;
reverse operation of many-to-few service.
Field-See Database.
File-Comparable to a file cabinet holding data pertaining to
a particular topic, for example, clients, vehicles, employees.
A file contains a group of records, comparable to file
folders. See also Database.
Fleet Size--Total number of vehicles dedicated to
transportation service m a service area, although some may
not be operating or operated; also referred to as total
vehicle fleet.
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Function-Reserved in this Handbook to refer to such DRT
functions as trip reservation (including eligibility
determination), scheduling, dispatching, routing, reporting,
and DRT administration.
Generic Software-Programs that can be used as
multipurpose tools, rather than having specific applications.
Word processors, spreadsheets, and database managers are
the most common examples.
Geocoded-Coding of spatial information, such as a street
address, with geographic coordinate information that
unambiguously defines the location in a system to allow
determination of distances among points.
Geographic Information System (GIS)-An information
system capable of processing and displaying geographic
descriptions, a map, or the nodes and links of a network.
Gigabyte-Measure of amount of data, approximately 1
billion bytes; 1,000 megabytes.
Graphical User Interface-Operating system that uses
small cartoons called icons to represent documents,
programs, or commands; the icons can be clicked upon
with a hand-held instrument, called a mouse, to initiate
actions.
Hard Drive-A large-capacity data storage device
containing one or more disks driven by a motor contained
in a sealed case.
Hardware-The physical components of the computer, as
opposed to the programs or software.
High-end-Used in reference to DRT software to mean
multiple-purpose packages that perform several DRT
functions in an integrated fashion. See Low-end.
Immediate Service-DRT service providing immediate (as
soon as possible) response to a request for service, usually
within an hour; also called Real-Time Service.
Intelligent Transportation System (ITS)-The use of one
or more microelectronics-based technologies to enhance a
transportation system for the convenience of the under or
the efficiency of management.
Intelligent Vehicle and Highway System (IVHS)-Same
as ITS.
Interactive Scheduling-Providing patrons a service pickup
time, or time window, during the same telephone call they
made to request service.
In-Vehicle Computer-An on-board computer or a terminal
with computation capabilities.
In-Vehicle Terminal-See Mobile Data Terminal.
Jitney-Public transportation rendered in small or medium-
sized vehicles that are licensed to render that service at a
fixed rate or fare for each passenger. The vehicles operate
on fixed routes along public ways, from which they may
deviate from time to time in  response to a demand for
service or to take passengers to their destinations,
thereafter returning to the fixed route. The scheduling and
organization of this type of system vary among
jurisdictions. It is used extensively in cities of developing
countries that have inadequate transit service.
Latent Travel Demand-The number of trips that would
probably be made during a defined period of time by
vehicles or passengers along a particular route or corridor
under specified conditions, for example, at certain fare or
service levels.
Level of Service (LOS)-For paratransit, a variety of
measures meant to denote the quality of service provided,
generally in terms of total travel time or a specific
component of total travel time.
Limousine Service-Demand-responsive public transporta-
tion service on an exclusive basis, provided in a vehicle
that is licensed to render that service for hire at rates of fare
agreed upon by the operating licensee, its agent, or the
chauffeur and the passengers.

Local Area Network (LAN)-A system of hardware and
programs for connecting microcomputers to each other and
allowing them to share programs data, and other devices
(peripherals).
Low-end-Used in reference to DRT software to mean
single-purpose packages, most often for database
management. See Highend.
Macintosh-Brand name of a personal computer
manufactured by Apple Computer, Inc., which competes
with IBM-compatibles but uses different microprocessors
and a different and proprietary operating system.
Mainframe Computer-Large, multiuser, multifunction
computer.
Manual Dispatching-Demand-responsive transportation
service that operates without the assistance of automatic
data-processing equipment.
Many-to-Few-Demand-responsive transportation service
that serves any origin, such as a home, and a few
preselected destinations, typically major activity centers or
transfer points.
Many-to-Many-Demand-responsive transportation that
serves any origin, such as a home, and any destination
within a service area.
Many-to-On-Demand-responsive transportation that
serves any origin, such as a home, and only one destination,
such as a shopping center or commuter rail station; also
called gather service.
Mapping Software-Software capable of displaying
geographic descriptions, a map, or the nodes and links of a
network. Similar to GIS but without the extensive database
capabilities.
Megabyte-Measure of the amount of data; 1 million bytes;
about 50 pages of data.
Megahertz-A measure of the speed of a computer’s
operation, signifying a million cycles a second.
Menu-A list of commands that typically can be executed
by moving a pointer to the desired command.
Menu-Driven-Programs that are operated by selecting
from menus of commands.
Menu-Driven Telephone Information System-Telephone
answering system in which the callers select from voice
menus to direct their calls to a desired location.
Microprocessor-An integrated circuit that performs
computations and controls the flow of information in a
computer. The type of microprocessor used is one of the
most common means of describing a personal computer.
Minicomputer-Computer of a speed and size between a
personal computer and a mainframe computer.
Mobile Data Terminal (MDT)-An in-vehicle piece of
equipment that receives and sends digital messages and
displays the messages on a screen.
Modem-Modulator-demodulator; a device that translates
computer data into signals to be sent over a telephone line
and converts incoming signals back into a form understood
by the computer.
Mouse-A manually operated device that moves a cursor, or
pointer, around the screen to select commands or files; used
in an operating system with a graphical user interface.
Multiuser-A computer that can be used by several
operators at a time, from separate keyboard terminals.
Network---See Local Area Network.
Off-the-Shelf-Commercial software that is widely
available in retail stores.
One-to-Many-Demand-responsive transportation that
serves only one origin, such as a shopping center or transit
terminal, and many destinations, such as homes; also called
scatter service; reverse of many-to-one.
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APPENDIX B

VENDOR DIRECTORY

A vendor directory as submitted by the research agency is tion on software and vendors. For information on the prod-
not published herein. See Table 6. 3 for sources of informa- ucts,  see Appendix 6-A at the end of Chapter 6.




